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METHODS AND DEVICES FOR THE ISOLATION AND 
InALYsIs^F CELLULAR PROTEIN CONTENT 

v a nrf7Pm ™ ^ invention 

viM nf the Invention 

proteins isolated from tumor and normal cells from the same tissue sample. 

ptTnm^" "fth" Background 
F^eomics is the study o, variances in celluU, proain levels between normal and dise*. 

vario us cell types win, adjacent ceUs, connive stroma, blood vesseU, g-«,>r and musc,e 

-e.nysmdM Wsc^de^nre^adireettr^of 
pronto levels to obtain results reflecting in vivo condulons. 
M. me*ods for «**ing and analyzing pro** macromolecules from ..ssue 
^^baveuxludedUV laser abUtionofunw— «ss« regions (Meirer-Ruge et a,.. 

E e JS r JSJ bea ! ^^ 8 
SSH^oUlBolyJ^^ 16(0 l 

not utilize protein stabilizers. 
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Because of these limitations an..mh~ fJ . 
^^^^^ — 
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Proteomic research ^ been complicated by the fact that ^ , 
to a diseased state mav • ^ *» 

mixture of diseased and normal celk • 

ythC back ^" of proteins expressed in normal cells fa™ v 
Provide a solution to this nmhi '^histochemistry cannot 

stamed tissue cells. Additionally manvantih^- 

* -veen.ymespecies Zmm 

species. Immunologically based studies cannot easily Drovi ,, 

a cell's protein contents. " ? * 3 pktUre ° f 

H»e present invention describes devices and methods for extraer 
ofmicrodisseetedceDs andann. • * **** ^ Sainp,es 
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^e„(^ M S,^ S -.^- — *— » 

^^O^*— *— , 

» ferity to ««» *» of a ™- ■»«>» is - 

15 characteristics of the proteins may ou auoij 

„ — — — '°° * 10 ^ 

indication of drug response). 

25 

gggTTjFc^iPTlON OF THE DRAWINGS 

• of the laser beam diameter and the epithelial tissue 
Figure 1 is a relative size comparison of the laser beam 

• ^ected Laser Capture Micros 
sample being microdissected. Lasers 
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^^^ormepr^,, 

"•anupMsizeissh™™- .. wwm. lie 30 mrcror, laser 

mm are as marked. nmeim, LU: lumen, 

«-3 A a,Ba rc8I ap hi cr V rese r , fasoffcnuiBberof 

10 results of a linearis . , • FlgUre 38 re P or * *e 

or a linearity analysis conducted on sir rt,«v> . • 

Figure 4 is a table showing the number of PSA mni , 

™™^rm^ score. 
glands TherelativeconcentraUonsofPSAoer^ 

^zrzur 

■ — -rr'rc; 

"tymousand cells were procured bvrPN>r ^- , 

. — ^r A :T wbr - 

^or and normal fingerprints for each patient Ar^ • 

i«uicai. A representative pi 
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MMK d wnh a 1:1000 diMo. of W « cy*^' 

Rgare S * . » ^ — » - — — — • — «*— - 

described in connection with 
10 Figure 6. 

•n, e gek «e« prepay »nd nm M described in PigB, «■ 
„j minor proaaBOomy specimens. Uines 1 & » 

^...--^*~*<*^"■' , •*- fc,, ■" < • , ■ , : 7 
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two differ patients (imcelh whjch 

raw mass spectroscope ^ TT>e 

^'ay from the same data set Fieure i V cj, , 

— ^ ^'"^^^-^in* 

cr or 06115 wat were analyzed hv <jnr m 

RaureaUAr, „ ai ' ta '«-W, Beach otter. 

metastasized to tb e liver and nnm . 1 ,• 

iiver, and normal hver cells next to the metastasis. H,e GelVie , 

biological specimen by LCM. 

Figures 17A and 17B are <jrt nr 1 
20 k I7B " eSaDI ^esofmicrodissected esophageal epithelium 

^—^^^^^^ • - 

"^^iciraeractaciSbtar Jeaed » s HJ»»»=lymv i ,,he US e„f 
mam CIS biratuig tm& ce. j^, 

"^P^eachprc^ana,^ ' . 

=('^#l), s »l w ™ 011aeIelitilc 

"Wta show (top art born^ the norma] and tumor 

("Pandbor M m, r e i pe a , veMferMchiMss Aalaair 
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and 7 are labeled for orientation. All cases analyzed in the study set were then subjected to 
analy sis as a radon of relative intensity of the selected proteins to one another and me statistical 
Tesultssonwontherightsideofeachftgure. Figure 17 A: average C.V. - 12.7%, 29.4% for the 
^^mvlBom^m*™- Figure 17B: average C.V. = 10.5% and 18.9% 
5 for the normal and tumor microdissections, respectively. 

Figure 18 shows the SELDI analysis of prostate carcinogenesis. Figure ISA shows a mass 
m ap that represents the profile from 1500 normal, preinvasive neoplasia (PIN) and invasive 
carcinoma cells acquired by LCM from one case (case #2). Additionally, the corresponding 
patient-matched stromal cells (1500 cells) were also microdissected for analysis. Figure 18B shows 
10 agel^eimageoftherawmassdatashowninPanaelA. All samples from mis patient were run 
in triplicate, with the representation of one experiment shown. Two proteins. A and B, having 
molecular weights of 28,000 and 32.000 respectively, were ^ 

ratio analysis of A vs. B from an additional study set of two other (cases #1 and #3) patient 
15 ffi atchedtumora*dnorm^^^ 

tumor and normal microdissections, respectively). 

Figure 19 is a diagram of the multiplexed tissue array method for a high throughput target 

validation and drug tissue interaction 
stages of malignancy as an example biological sample. 
20 Figures 20A, 20B and 20C are representative results using colorimetric and 

chemiluminescent detection methods for prostate soluble antigen (PSA). The rows of the upper 

25 rows. Figure 20A shows the colorimetric results, Figure 20B is the positive and Figure 20C is the 
negative image of the fluorescence results. 

Figures 21 A, 21B, and 21C diagram the reproducibility of protein analysis for samples 
microdissected fromamixed sample of epimelial cells of me esophagus. All the foUowing data 
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: the reproducibility of the 



multiple « «. FiB1 „ ,.. . ** "* Mto « «"* «- be*™, 

^orescencedetection. ^^^^a-*.*-**, 



Figure 22 shows the results of i 



labeled fysates from microdissected 



interaction between immobilized binding 



normal and tumor cells. 



agents and biotin- 
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Laser Capture Microdissection OCM> k , 
Science 1481 noart 

~~ lggg gg n lMojgcujar Analysis nf 2?g 

— ,^ BLteKet ; ^ DNA ° f — — ,u., PattmN0 . 

al., wtocb B mcMponttd by refereilc<! 
seal™,,!, . ^P""" views dKlhiofa.,- 

spot on the transfer fn«, 

^nzr ~ ~n 

— . 
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^ predion or *. c* — - — ^ DNA ' md fM 

as the LCM cap) for subsequent analysis. 

rf about 1500 to about 5 cells, the number obtained in a typical LCM laser shot. This procedure 

^ue buffer. To facing the 1— r* of such smal, volumes ar, sman samp,e sizes, a *~ - 
. .hicn^esol.ba^ons^c.^conven^tlyp.r.ornKdwa,^. The , cants of dus 

new procedure are inuc P^. — * - - — ' '°° ** "™ 

n^ ecu type, rn= «— — — **« -** ,b<, " 8,, MX °' 

immunological and biochemical assays. 

15 *^,~"-^-*»*-"'~ — 

• ^ analyzed bv iinmunohistochemistry includes the buffer Tris-HCl, 
for extracting proteins to be analyzed Dy immuHu 

Na Cl the agents Nonidet. P^O. EDTA. and sodiun. P^o^. » — — 
aprodnin and ieupeptm, and -be phosphaase inhibitors sodhun — 

^ ^anada^^ 
* .nsedisua-e^cerolis.sultable— ^ ^.*a, can b. added «, mention 

stable Phosphate inhfcnors n»,ude phenyinKthylsufony, fluoride, sodiun molybdate. sodiun, 
fluoride, andbeta-glycerolphosphate. for » * -** - ' «* S " 

M (Sigma, St. Louis. MO), MEGA .0- *». Aurora, OH), and oc* B-glucopyranoside (ESA, 

« 1 ^», h .««*»-■*-*' , - fc **- ,,,, ' ,,, "" M>, * 

^ysis was 7M urea, 2M thiourea. CHAPS. MEGA .0, oc*. ^..copyranoside, Tns, DTI, 
^ phospbine. and Pbarmal^s. Aprefcrred ,100 conception buffer is as follows: 
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20 C. Hem only be used u*™, for a few j 

•^i^e.hes.bal.votaes yontteLCM cp, , Jev.ce „ as 

^teMwifcfc so,,;,,* * """^ 

device also includes an outlet port 6 * * ^ 1116 

-^tporte.connectedtothechatnberl with a narrow outlet cana, 7 

wluci can be suppHed with a of collect and 

tcollectmg and removtng the solubUized proteins. One 
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embodiment of this device has the chamber 1. the inlet ports 3, inlet canals 5, outlet port 6, and 
oudet canal 7, all machined in a hard plastic block, such as Incite. 

Once the proteins have been solubilized, a number of different immunological or 
biochemical analyses can be used to characterize the isolated proteins. Because the cells are usually 
5 initially identified for LCM capture based on particular morphological characteristics, the results of 
these assays are assured to be representative of the cell type collected. 

One type of assay that can be performed is a soluble immunoassay, where an antibody 
specific for a protein of interest is used. The antibody can be labeled with a variety of markers, 
such as chemiluminence, fluorescence and radioactivite markers. For best results, the assay used 
[0 should be of high sensitivity, such as a microparticle enzyme immunoassay (MEIA). By applying a 
calibration curve used to estimate immunodetected molecules in serum, the number of molecules 
per cell can be estimated. Thus, the presently described methods provide a quantitative 
immunoassay, which can measure the actual number of the protein molecules of interest in vivo. 
A second type of assay that can be used to analyze the extracted proteins is two- 
15 dimensional polyacrylamide gel electrophoresis (2D PAGE). By running both proteins extracted 
from normal cells of the sample and proteins extracted from tumors cells of a sample, and 
comparing the blots, differential protein expression can be seen. In particular, by scanning the 
stained gels into a computer, and using image comparison software, the location of proteins that are 
present in one cell type and absent in the other can be determined. Furthermore, these altered 
20 proteins can be isolated from the gel where they are present, and mass spectroscopy MS-MS 

sequencing can be used to identify the protein, if the sequence exists in a database. In this way, the 
protein differences between normal and tumor cells can be more fully understood. Additionally, 
proteins of interest isolated from a 2-D gel may be used in binding studies, where the protein is 
functionally tested for an alteration in the ability to bind with a putative or known ligand. Finally, 
mis comparative analysis need not be between normal and tumor cells, but can be between isolated 
stages of a tumor, where the different stages exhibit sufficient morphological differences to allow 
separate isolation of populations using the LCM technique. 
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A further analysis that may be perform involves ^ ^ ^ 

«— speedy tee^, M M ^ ^ ^ ^ ^ 
CA). 7ms process can separa, prMcin s which would not he separably focused by „ gel 
-ysis. „ pa^ ^ ^ wUch are ^ teic , ^ ^ ( <7M0 ^ ^ ^ 

5 — iowcrm^leve^ee,, l.e^erievei.e^^es^, 
- ^— . hecause extreme* smail sample siccus used. SELDI also separates 
P***s morer^^, .^^^ ^ 

-^o^pr^htsat^re^e^s^^^ Pro^ofhueres,,* 

dlieCtly *PP ,ied to « defined small surface area of the orotein c hin f 

OI rae Protein chip formatted in 8 to 24 

» P— B *-.- -lllllll .^ lt ^^aeesarecce^th^cher^ 
•baif matrices comprise, of s^ ^ ^ ^ ^ ^ 

DNA o^ieo^es. Stran! , Ne^stoj,*^^ ^ ^ ^ 

(B* ^-"^M^samp^me^prc.msareappUe.tome^aceor 

^of^„ techanclertodl)y 

^^Proo^aprc^m^fermesamp.e.wim 

employed. 

* Produced profcin O^rprims have proven « * hem disease^ orgM . 

*— * o f ma, tissue type, whemer „ , norma,, tumor, or a me^stasls. rm allow, a 
* ^^^^o^^nte^^made.^^^^ 
ttagerpnnts of normal or tumor tissue of likely organ sources. 
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EXAMPLE 1 
0 tifirtitinn -"TriM"- PSA from 

Case Materials 

Tissue was obtained following . ■» approved 1— f '» « *** °"**' 

BiaK h in *e National Cancer Institute, Bethesda, MD and the M.,0 Clinic in Rochester MN. 

embe*ed n, 0*ica, CM .T.) compound (Tissue 1* Miles, Elkhart, ,N, 

^stceda.-80-C. Cas.sw*. selected based rt^^*— ' 
„ norma, glands. Prostate .ntracpiMa. Neoptasia <PIN>, and adjacent carcinoma. -Id be 
^paredwiminfcesamepaaent. P--*- — — " 
serve as a negative comrol. Lung tissue was used as a second negative control. 

Sectioning and Staining 

The 0 C.T embedded tissue Hocks were cu, into 8 ,0. sections wW. a constat. A«er 

^.^sec^w^^lyp^".^'^^^^^ 0 * 00 ^" 0 " 
Laser Capture Microdissection 

^^^^mi»^^M^J^^'^.. 

^^unde^ofavlaic.pCCap^-TFaOO.-ern.n.c.^.Snundla.opncal 

5 ^alwavs.essthan.Smi.uas. A droplet of the extraction buffer was applied to the surface of 
O^con^theseleoedcells. T»e cap withthe duplet on «s und^surface was lushed 

^*-*.-*-.-•-«* c ---*• , -*" 4,, - ,,,h '"" ,,, ■ 
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into the 



The thawed sample was held at 4"C for no longer than 2 5 h™ • 

longer than 2.5 hours prior to introduction i 

immunoassay module. 

.3.-.-*.^ fclll , - 

gland that was microdisscctcd by movement of the joystick. The yield of procured pure epithelial 
or carcmomaceUs, and the precision of cellular Dr0 c U r 

^ WCre teSted b * counting the 

n-berofceusremovedfromtheussueandtransferredtothefilm Tabie , co „ 

nfioo v * laWe 1 compares the number 

of •« sho* «h me averse tota, number 0 , mic rodiKecBd 



Table 1 



Mean Cells 



Standard Deviation 

Variation 



Coefficient < 




A standard laser spot diameter of m „™ 

P*km. density. their ^ _ ^ ^ 

.^nsequently, the imprecision of the cell yield 

is greater with fewer laser shots. 

Solubilization of proteins from I£M procured cells 

of the patents from the exposed traatferred cells was done by pi^ . tmaI , 

rr ^~ s,hc ^~-^ce,, s 

.o^ofa^con^ 

-'^---capswere^r^toe.urecompj 
^utilization of the cells. The diluted extraction buffer did not interfere with the immunoassay 
background level or linear calibration. 
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Extraction Buffer 

The final buffer composition was a 1/1000 dilution of the following stock: 50mM Tris 
HC1, 1% NP^M). 0. 1% Na Deoxycholate . 150mM NaCl, 4mM EDTA, Aprotinin (lOmg/ml), 
Leupeptin (lOmg/ml). Na Pyrophosphate (lOmM) Na orthovanate (2mM). and AEBSF (lOOmM). 

5 Assay Principle 

The Immulite Third Generation PSA assay (Diagnostic Products Corp.. Los Angeles, CA) 
was adapted to measure PSA solubilized from tissue cells procured by LCM. Photon production is 
me asured by a luminometer (output: relative light units (RLUs)). Negative tissues or zero controls 
produced a value of 80140.000 RLUs, compared to PSA positive samples that ranged from 600.000 

10 to 10,000,000 RLUs. 

PSA immunoassay: Microparticle Enzyme Immunoassay (MEIA) 

PSA was measured by an automated two site chemUuminescent assay, using the 
ultrasensitive PSA reagent kit on the Immulite immunoassay analyzer (Diagnostic Products Corp., 
Los Angeles, CA). RLUs reflect the photons detected by the photomultiplier tube, which is 
15 proportional to the concentration of PSA. The sensitivity of the assay is .004 ng/mL of PSA, or 
approximately 4 x 10 6 molecules of PSA per assay. 
Immunohistochemlstry 

immunohistochemistry staining for PSA was conducted as follows. The frozen sections 
were desiccated and then fixed in acetone. Following a wash with 3% goat serum, primary - 
20 antibody incubation was 1 hour at room temperature. The secondary antibody was labeled by 
Avidin/Biotin and the substrate system was Peroxidase/DAB. The secondary reaction was 
performed essentially as suggested by the commercial product insert. 
Calibration Curve 

The calibration curve used for measurement of PSA in serum according to the Immulite 

25 package insert vvas applied ^ 
calibration curve designed for serum was reproduced wim me LCM extracted ceUular proteins in 
thebuffer solution. Serum or buffer samples wim a lenown concentration of PSA were ntixed with 
equal volumes of 100 laser shots of PSA negative tissue cells. There was approximately 100% 
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™kcul KteWividuaJlMtaaBes 

, , ■"OJHK3. Lmm regression analysis yielded an r 

value of greae, ta 0 . 95 ow , ^ ^ ^ ^ ^ j ^ 

5 Sensitivity 

shot (5-7 cells), 
10 Imprecision 

The imprecision of cell capture for 100 shots is 3 3% C V ^ „ 

KBJ ' J%cv <»mparedtoaC.V.ofl5.8% 
for the PSA measured in the proteins extracted from is i« u 

^ fr ° m 15 ^ sho,s - to keeping with the assumed 
biolog,c heterogeneity, one laser shot exhibits a PSA 

exnibits a PSA measurement C.V. of 60.2%, even though the 
mean magnitude of the signal (804 416 rt xu\ u 

gnal (804,416 RLUs) » substantially greater than me mean value for 

comh m edi a ,sho bo fbac k groundtissuea3 2 , 759)(Figure4 , ^, ^ , „ 

provtdes an acceptable level of imprecision for a routine assay. 

Correlation with Tissue tomunohistochemistry 

Analysis using LCM coupled with P<ja 
~ . P * PSA for PSA was conducted on prostate 

— — ^^-^^^^ 

(PIN). ^^-—^d^^^^^ ^ 

each specimen studied, a standard curve was wen^n , 

curve was prepared for a senes of different numbers of laser 

--^^H, ^ imnmoUst „ taisny 
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plus. 

Application of this new technology, as reported in Figure 5, provides quantitative 

^vestainin, The average numbers of PSA molecules harvested per cell ranged over several 

, os , tof-> »«^.^~.-*'— ^'^-^ 

to, a ten-fold difference in PSA molecule number per cell. 

^^^^^^^^^ 

^^^^^^^^^'^ , 
^r^rof^PSAmolecules^rma.pro^cpid.lium.ang^from.O to 

spKlf ,c m*er of prosmte ~ — ~ * ~ ' " 

^oosintheP^e. Po^aUonsof m.^Clsofaptnebis^cCasswould, 

as presently seen. _ _ _„ _ _ 

Patients and Tissue Samples 

me two specimens stumed we. from patiems who present to nve Shan* cancer 

25 

sutge two souamous ceU carcinomas of the esophagus. 
Microdissection 

llft ^^*■•^^•<«*■^■ ,,,,,ita ■ , ■** M,, 



25 



WO 00/49410 

PCT/USOO/04023 

-18- 

epithelium or tumor celk r n\* 

One hundred microliters of IEF lysine solution 

r ivsing solution containing 7M Urea ?iu tk- 
CHAPS, 1%MEGA-10 l%Octv.h-r, 4% 

tn-butyIphosphine(TBP)and0 5%f V MPh a , ir .»d2mM 

on we LCM cap, placed into an eDnenriow „ k 

- — — — 

uuuing ceus from the same microdisse ctw1 ™« • , 

2D PAGE and lm \ ^**~*«»'«-*r^* 

^ and Image Analysis 

f • J™ ror the first dimensional separation for a total 

focusing time of 120kVh Th^ ^ 

a 8-18% imear gradient SDS-PAGE gel for electron. • 

0 voltage The . , el -<rophores 1S overnight at 40 volts constant 

voltage. The ge is were stem ^ 

7 .^rrzrz-- 

Photographic-quality printer. Scanned ima.es , 

— 

— — . — di~ 
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Analysis of alpha - tubulin 

W «Bt«i«"'W SDS *** " 5 °* ttMS - 

"ana applied to a 4-20% NOV1X Tris-glycine SDS 8.1 and elecuopboresed for 1 hour. 
Imrmmoblotting was performed for 1.5 hour using a BIO-RAD Semi-dry blotting apparatus with 

BtoK — « " 

cashed widtlXTBS^forSminu** and second*, 

anti-mouse secondary antibodies were purchased from SIGMA and used at a final dilution of 

1:1 0,000. *m~^*™^»-^-^**~~ mm 

detection via autoradiography on Kodak Bio-Max film. 

Mass Spectrometry 

A separate 2D PAGE gel was tun with tnicrodissected tumor from case fl except the gel 
TO ^arrfana,ysedwi^imi to le. Two orceins which were aberramly regcl^ed in 
^^werec^formass^^MS-MSsem^rng. Tne ac^de plug was 
taken from me ge, and washed orcewMPIX-gnrfewattr for5mir«es , and subjected to .n gel 
tryptic digestion as previously described . 
In-gel proteolytic digestion 

^^^^^^^^^^^^ 

mM arnmonium bicarbooate pH 8. Each spot was sliced into fourths and rehydrated 10 |d of 100 
mM animCHUum bicarbonate pH 8 containing trypsin (2 pmol/jd) (Promega modified trypsin). 
Additional 10 A of <*— — — "»* ^ **" " ^ 

, 5 intoanewmbe. Pepudes remaming infcegeitnaoix were ex^aedtwice with .50 H 60% 

anions aceum.rile.O. ..n*. Tne extracted vdume were reduced to about 
5 pi using an Eppendorf speed-vac concentrator. 
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Electrospray mass spectrometry 

— 1 *— «*> ~» - • *-pMUT LCQ ion «, 

Two 2D gels were inn simultaneously hnA 

except antibody to type II 

' ''P 6 11 cytolceratin or annexin I wa « 

«. purchased from Trans<tetioil 

USM at a final dilution of 1 .5000 

Tissue Fixation/Embedding 

piece was embedded in opt ™ , Oliver, one 

" on^ice * 

^ce -^-^^^a^^^ 

Boehrmger Mannheim Corp., Indianapolis IN) for 1 h™ 

Pom, IN) for 1 hour at room temperature. One of these 
Pieces was then embedded and blocked in n^fr 

W0Cked » ^ w« and the other in polyester wax 

(Gallard-Schlesinger Industries, Inc., Carle Place NY) Forth, , 

' N Y) ' For ** Polyester wax embedding the 

tissue was dehydrated in 90%ethanol at 4° C for Ihn ,„ 
0 . fc CforIhourfoU owedby09%emanolat4oCforl 

0 h -'^byl00 % e«hano,atroomtem P eratureforlhour Then* • 

^ hour - the tissue was infiltrated with 

50% polyester wax.ethanol at 42° C for 9 * „ 

for 2 hours followed by 90% polyester wax: ethanol for one 

A separate piece of liver was fixed in 10% nemm] buffered formalin and embedded and blocked in 



WO 00/49410 



-21 - 



PCT/US00/04023 



10 



Protein Profiles of Matched Normal and Tumor Esophageal Cells 

« only if there was a clear-cut Wf ' difference between the comparison groups. No 
mutative evaluation was ma de of *e level of .ose proteins which were present in both sample 

groups andshow* subtle l-*-***"*****'-* 

each dissection (Figure 6C), 

with the conesponding tumor (Table 2). 

Table 2 

# Protein Alterations 




Case #2 Normal epithelium vs. Case 82 
Tumor 



Case #1 Normal epithelium vs. Case 01 
Stroma . 



15 



20 



— 0— P— « *" 

itauical in each duplicaie in («■*» « shown). 
Protein Identification 



WO 00/49410 



PCT/US00/04023 



22- 



10 



p-.rrr; ~"*^'- ms - 

"^^^^nal calibration standard Withth, 

MALDIorESIioadin, a, ^^^--h-^I-d^^ 

1 IOad,n 8' a te^e number of authentic nentiA. 
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Protein Confirmation - Immunoblot 

TO confirm Kc mass T — • ^-^^ <™°* "* 

anabod, dire«d agate . human pan-type II cytokeraOn. and a. anybody agains, anncin I. 
Flgll r. , shows the results confirming the idenuty of ihe prou*, up-regulated « "» » 
CoKeraon 1 . The idea* of » protein down-regulafcd m run,* as aaoexm I was similar* 

confirmed (results not shown). 

Epithelium vs. Stroma 

To ensure the present approach is efficient a, deling protein aheraions between 
^^^^^^^^^^^^ 

scored as Mental between •> ~ n**- ««* N ° K " fc " ""^ 

dad in ihe romwd epirfcliunvtumo, comparisons were presen. in Ihe stroma. 

i Whole Tissue Sections vs. Microdissected Cells 

Samples tan whole dssue secdons prepared wimou, dissection were analyzed by 2D 

section. The esperimeo. was performed to assess ft. impact porenfial laser capmre 
" n^c^onindnced^ 

, 0 frngerprinrs. Mso determir^ me percenuge of pro^ preset, in a nncrodisseeW cell 

to fced Figure 9 shows ihe 2D PAGE comparison of 0* undiss«ed whole tissue secion and 
correspoodingmicrodissected sampies. Allofmepro K insinme2Dgelrrommemie re dissected 

25 — l*- l *lil.-^^^- , ■ , --• US,l,d " ,,, "' ,fc, 

on proteins recovered from microdissected cells. 



20 



25 
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Validation and Extension to Other Cancers 

^^^^^^^^^^ 
Tlie results indicated thai annerin I js absent in all carcinoma cells, but 

5 ^'^^'^di^intecanceratme •• 

beans.™ k 1015 cancer at the pie-malignant state, and continues to 

- — ^sbecomecance™. descn^techni^ have also heeu 

~. crimen* were preformed to de^ lf the of ^ , ^ ^ ^ 
~. cancel. Usm8 Weslem Mo , ^ ^ ^ ^ ^ ^ 

a^c^.ie^.oha.^^^^,^, 

— res.^ca^a.lica.i.o^^, 

conuioons (such as normal org™ development). 

Previous studies of microdissected cell populations have focused primarily on DNA and 
more recently on analyses of messenger RNA and hav* k, ■ 

• "* tm v™ 1 * sross genomic 

*— , ^inc genes *uh mum^, . ^ feveb ^ ^ effM(s ^ ^ 

pro^mnormalandaseasedcells 
^provideonly^^^^^^^^^ ' 

^^^^^ u 

— - ^ Moreover, pro., pro^ _ _ ^ ^ ^ 

alterations than genomic or «pimion.based tun^ches fore,™,*. 

PProacnes, example, a tumor suppresser gene 

^^^ceupcpu^^^^ 

particularly when downstream molecular a »„w 

molecular apphcanons require on the order of tens of thousands of 
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cells. In this study, procurement of normal epithelium was the most difficult challenge. 
LCM-based microdissection was critical and allowed recovery of 50,000 normal epithelial (and 
Iwor cells) with a high degree of purity in a reasonably short period of time and did not appear to 
damage or degrade proteins. Fifty thousand microdissected cells revealed approximately 675 
distinct proteins as visualized by 2D-PAGE stained with silver. Assuming the lower limit of 
detection to be one nanogram, the analysis identified proteins in the abundance range of 50,000 to 

1,000,000 copies per cell. 

Dysregulated proteins of high or moderate abundance will have sustained utility for basic 
research and clinical applications as they will be the easiest to detect, study, and monitor. 
However, proteomic studies of microdissected normal and tumor cells will also benefit from 
increased sensitivity enabling a larger percentage of the cellular proteins to be analyzed. 
Additionally, there are many microscopic, biologically interesting (and potentially clinically 
important) lesions which consist of less man 50,000 cells. In these circumstances, protein labeling 
with (for example) 125-1 labeling or biotinylation dramatically increases the number of proteins 
visualized from microdissected cells (data not shown). Similarly, scanning immunoblotting with 
class-specific antibodies allows for more sensitive detection of specific subsets of proteins, for 
example, all known proteins involved with cell cycle regulation. 

In some circumstances, the small amount of material analyzed is not ideal for obtaining 
" highly sensitive protein Fmgerprmts.lnd identf^ such circumstances, a- 

20 useful strategy is to produce parallel "diagnostic" and "sequencing" 2D gels from each case. THe 
diagnostic fingerprints are derived from microdissected cells and provide maximal sensitivity for 
detection of normal-tumor differences. Sequencing fingerprints then allow for detenmnation of 
protein identity. The sequencing 2D gels are generated from serial, whole tissue section cryostat 
recuts which contain abundant amounts of protein representing all cell types present in the tissue, 
25 including the dissected cell populations). Alignment of the diagnostic and sequencing 2D gels 
permits detennination of proteins of interest for subsequent mass spectrometry or N-terminal 
sequence analysis. This technique successfully visualized and aligned all 675 proteins present in 
me microdissected tumor cells from case f 1 in the corresponding whole tissue section 2D gel. Tv 
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of the tumor-spe* altera^ W ere ^ „, ^ _ ^ ^ ^ 

conftHneoovm^ot. Co^^^^,^^^^^^^ 
previously .epo,,,,, [q te ov!regula|oI „, ^ 

It is therefore advantageous, in some embodiments, 10 compare matched normal and tumor 
^fromthesamepatien, Ofmese^p^^^do™.^^^, „ 

^ proteins are -pa^pec*, a* wonid no, have hee. ^ if . ^ ^ 
no«i samp,e had been us* as cr.mparator fc , fc ^ ^ ^ 

compar^o^.^^^^^^^^^^ 

— ^ Moreover. shKe^^.^^^ 

^^^^K»-^ fclwl . ta-tal( , l . 11-lDti<>>lfc 

related to disease susceptibility or progression. 

* -pbagea! specm^n, uiiized m this sr^v .ere fto.cn in liouid nitrogen shorty ^ 
^resecUonand W Ussue s^ „ ere prcparai M a ^ p,^^ 

P-mswhichcan^rec.ered. Tissoe processed through standard formalin * ^ 
— * » fcss adva^eous due to me mofccufcr cross-iinKng which occurs durtng r^io. and 
■he prolonged exposure w elevaled leraperlllnres ^ 

— Proteins is possible from micre^secred oeh popu^, „ ^ ^ „ 

^disea^^. ^ technimres a^ n^a^ogies can c^errnine fc 
abundance ar* status of prcms fc *. for sttoyillg nonmI ^ ^ ^ ^ ^ 
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EXAMPLE 3 

" iw,in A^vsis of No-™' ™* Cancerous Prostate Epithelium and In Vitro 
Prostate Cell Lines 

Patients and Tissue Samples 

Tissue from prostate cancer patients undergoing radical prostatectomy at the Clinical 
Center of the National Cancer Institute (Bethesda, MD) and at the Mayo Clinic (Rochester, MN) 
10 was used. Tissue from the peripheral zone of the prostate was procured, immediately snap frozen, 
and stored at -80* C. Matching normal and tumor cell lines were prepared from the prostatectomy 
specimen obtain at the NCI and immortalized as described by Bright et al., Cancer Res. 57: 995- 
1002 (1997). LnCaP and PC3 cells were purchased from the American Type Culture Collection 
(Manassas, VA). Microdissection was performed and the cells were prepared for 2D-PAGE 
15 analysis as described above in Example 2. 2D-PAGE gels were done using alpha-tubulin to 

normalize the sample load, as described in Example 2. The anti-alpha tubulin antibodies, used at 
1:1000, and HRP-coupled rabbit anti-mouse secondary antibodies, used at 1:10,000) were 
purchased from Sigma (St. Louis, MO). Blots were washed using conditions described above and 
ECL substrate (Amersham, Piscataway, NJ) was added for chemiluminescent detection via 
20 autoradiography on Kodak Bio-Max film. For PSA. anti-PSA antibodies were purchased from 

ScrippsUi^ 

Protein Profiles of Matched Normal and Tumor Prostate Epithelial Cells Analysis of the 
microdissected cells from two different cases revealed approximately 750 distinct proteins as shown 
by silver staining. Altered proteins were scored as discussed in Example 2 and the results are 
25 reported in Table 4. Twelve total proteins were altered between the normal and tumor prostate 
tissue. Six tumor specific alterations were present in both cases. Two proteins were exclusively 
expressed in the normal cells of both cases. Three other proteins were uniquely expressed by 
normal cells from one case, while an additional protein was uniquely expressed by normal cells in 
the other case. These results confirm the ability of the present methods to make meaningful 
30 comparisons between the protein content of microdissected cell samples. Other proteins were 
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° VC ~ * * — * « - was confirmed by t0 te psA . 

Comparison was also made between epithelial and , 



! stromal cells, where less than 45% of the 
oteine 

'™nace]|^ tavaiiousIiss|leIypK Tie six ateed 



) 



epithelial specific, indicating that the alterations 
cells with stromal cell populations. 



I proteins in the epithelial cells were all 
seen were not due to contamination of the normal 



Table 4 



Normal prostate epithelium v* mm». 



Normal prostate epithelium vs. normal 
stroma 



_ # Protein Alterati on.: 
12 (1.6%) 



412(45%) 



Comparison to Prostate Cell Line Protein Expression 

To determine if the protem profiles from prostate cancer cell lines are representative of 
Prostate cancer in vivo, lystates of ^s o.tured in vitro were subjected to 2D -P AGE ^ me 

^PAGEpanernoftwocon^onceniir.^CaPandPCS.were first compare, to the pattern of 
noncancerous cells. ^^^^^^^^^^ 

alterations in expression, immunoblots were done using PSA as a test molecule. PSA was not 
cells. In contrast, LnCaP expressed PSA, but there was an alteration in the migration, reflective of 

isolatedcells. Pinal,, a d,ectcomparisonbe.een me ^ 

rhtsobservationmea.atleastsomeofmedifferencesmpro^ 

immortalization process. 
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EXAMPLE 4 

^^H^ion of PS^ rrn1— ^ ™" * Ce » 

LCM of benign and malignant epithelium 

Frozen tissue was obttimd from radical pros***-* specimen and embedded in OCT 
■^CII— I***-*-.*). Eight micro, sections were made with a sarfard 
c^ar^s^-hemo^nn^costo^s^dp^. Benign and n^i^. 

MP was identified * . patois, atd IOI was perform* .0 obtain c«lls from each 

^ionbydi^^^^PoP^"'*^^"" 5 ^ 
described, except AEBSF (Boerioger Manheim) was added to the staining baths at a final 

^^^-*-^^~^-***■ ,,, -»-•- , *" ,,, "•' 

histologic sect.™ each dissection is estoued to contain > 95 * of desired cells. 

Western blot analysis of intracellular PSA 

For ID PAGE analysis, 2X SDS buffer was used to lyae cells directly from the BVA film 
(from the LCM cap) and the lysates were run on 20% rns-glycine nondenaturing gels and 
uansferKd to a nyion metnbnn* « X Nove* system. A murine monoclonal andbcly 
^pn^om Script - — 

, ■ 1 000 and a murine horseradish peroxidase taggrf annlgG amibody front Sigma was used as the 
secendaryamibody. The ECL reaction was generated by the ultra-ECL from Pierce. Purifiedfree 
PSA and PSA bound to ACT purchase, from Scrip* were used as enrol, Fo, 2-dhnensiona. 
elecuophoresis OD PAGE), 1EF buffer <7M Urea. 2M Thiourea, 4* CHAPS, 1% MEGA-10, ,. 
Ocryl-^Glucpyranoside, 40 mM Tris, 50 mM DTT, and 2 mM tri-buryl phosphine (TBP) and 

was nsedtolysec.llsofttheEVAfm.t^lysaes were used., swell 

^m^wimasoluUonconuimngSDSandTrisPHM.redncodwimDTTCSOn^. 
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alkylated with iodoactemide (1 w 
PSA/ACT binding studies. 

^^^^^^^ 

and soJubilize the DrotPir, rw, • c cv A inm 
^proten,. O-^of^^^^ 

10ul of lyas buffer containing 2 000 laser *w / 

g 2,000 laser shots (approximately 10,000 cells) of norma, or 
mahgnant epithelium and incubated for 2 hours a, 37-C. 
Results 

I !iBawUchreAbw , BACTj!akoM 
^-^.^^^^^^^^ 

Thes^ ^3 Ct ^ nonna ' and malignant epithelial cells, which revealed a band at 30kd (Figure 10). 

s suggests that PSA binds to ACT within 

the benign cells contained more PSA Th« 

morePSA. Tins vanabmty of intracellular PSA levels within both 
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Binding Experiments 

T „ ascenain wh.*er 30 Kd protein — the active form of PSA we performed 

- » — — *.*-^HP- ".*.-**-* 

PSAcon , pta e.w i ,ACT, to2 ^o tto ,^n3M ltere w 1S »od i «« K .ce i n l he« toe 

— — — *— " 
Ufc..^—- K.«*«*— — 

.ono.^^-.DPAOBse^^^^by^^ve-^^. 
0 r.ere^^DPAGEw.^onceW.r.^^^Mae^^. Ascanbesee. 

^^^-PSAf-^^^^^^^" 

We,™ l*^ — **-*-***'-'*'******"''"" 

B since all remained intact under reducing conditions. The fact thai the purified PSA/ACT complex 

mR gure 1, arcncanarufac^DPAGB. — — 

^^derno^e^^^on^ 

These experiments show that PSA made in normal and malignam rflostadc epithelium 
M differ * regards . mole* weight, isoelectric focusiruj point or ability to bind ACT, and 

nprrmt free PSA levels are not the result of altered ACT production by 
that differences in serum percent free PSA levels at 

malignant prostatic epithelium. 
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EXAMPLES 

To assess the reproducibility of the protein fingerprint generated by SELD1, two separate 
. eeupop^ons..^"- epid.e.ia, «M12» cells per « from me same pa^nt 
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(Case ,) were separately microdissected (Microdissections 1 and 2) from frn • 

AFRSB n> ■ 2) from froze « ^ue sections. 

microdissection was estimated to have greater than ow • 

«~ S, ^ MO,. „ (WV)ME0A , 0flCN ^ ^ ^ 
"■^'-IHtfnccpyraDoside (ESA, Chelmsford. MA) in a standard IX PBS base. SELDI analysis was 
~-«-*— ^^^^^ 

10 »«lo«lrile«>mple t eI,ey a p 0 „ ttd 2 „i„ f ,K», 

fallowed, ' Ik.*, 

-lowed » concentrate hy „ d^ ^ by fc ^ ^ m ^ ^ 

^^^-^"P^inaisstud, ^ 

15 formats offered by the SELni cnfi, , 

«y me ohldi software analysis naclra<w n, *• 

ph y P Ck3ge - ™ e *" ^presentation is a standard 

^^.assrdap.^^^^^ 

" • ^View-display which fate the data tmm 

D »k- , . '"i-AUEgel stamed" for proteins, with 

0 mol ^ar weight ranges d 1S p,aycd at the same «*, as ^ seen • fh fc 

«™ scaie as that seen in the chromatogram H,e 

n ^iriyed 

d^analy^aboye. 
•V bod, r^ssmar^arj Gel-View. dl!playillF 

•seneratedf™, , " " figure 13B, and show thai the protein fingerprint 

-generated from case 1 and caw o « ^ 

1 and case 2 is highly reprdncible. simiw restfts were chained wi4 
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.—»———*-•— l — 

" nicrodisstoions from the same case (data «>t shown). 

To M to relative se^vU, of the OA I— ■ - •» *• *-*» ° f ^ 
ptoffl es for. LCM-^cd c* too. se^te — - *— » — °' 

prosali c tumor MM- « «-« "* — *- , ° SEU>I ■** ^ 

fc «~ *» . *~ ~ — — * 13C * ^ diSP,ay ' 

^«.^^^.«*««~-* — 

*, gave .ess ^ — • * re8 '°" 

a ,,„«^^^^co^ M ^^^-'-» taotCC » S 

«3*Vlrf^--^*^ t ^ -— " , -■• ,, " ,,d *"" ,, *" 

„ tolTO s«» tote ^^^^^^^° t -~ SOteS,hCrcte,i,e 

, F „ r ^p^of^«^»on, y 0» B ^u.a-^<^»»5^'<' TOU)a 
^^.a.^^SEU^.hasap^^onaM^onwo^^of.OOO 

— «^w^««--^-■«'•*-•* , '- , *- , - ,,,,,,, " 

25 p^^of^b^^^of^s^^a^v^.^'-'^)" 

protein yield (data not shown). 
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A ^ for ^ ^ m ^ ^ ^ ^ 

eel ^ would h , 0 ^ ^ ^ ^ ^ 

— P— — -—^.^^ 

generated and used as a template. 

^^^■^^■^^^^ 

comparison, we analyzed the normal liver cell. u,hw, 

ai i,ver cells, which were imcrodissected from the same case 
The results are shown in Fieiw idr »»a u 

- m ftgure ,4C, and show that a normal epithelial cell and tumor epithelial 
cell-specific fingerprint can be identified. 

Additionally, fc ^ proffle _ ftc ^ 

W^^^dt.^e.tas^v.^^^^^ ^ 
^^^^^^^^^ 

—^..-^.^ Adi^w^^^ 
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indicating a need for more aggressive patient treatment and follow-up. If the protein fingerprint 
from the colon to liver metastasis is compared to the fingerprints of the prostate or breast tumor 
"epithelium (Figure 14A), one can see that the fingerprint most closely resembles that of the colon, 
regardless of normal or tumor status. A practical application of this type of analysis would be the 
5 generation of protein fingerprints that are organ-specific so that metastasis of unknown origin could 
be characterized and matched to a particular organ type. See Figure 15 for an example of a battery 

of fingerprints that could be used. 

These results indicate that SELDI analysis of LCM-derived cells can be achieved with a 
high degree of reproducibility, fidelity, sensitivity and discrimination. These operating conditions 
10 allow for the exciting possibility of proteomic analysis of small populations of diseased cells 

directly from patient tissue. We were able to, for the first time, visualize disease-specific protein 
changes occurring in defined patient-matched cells directly from tissue sections. 
Evaluation of Cancer Disease Progression 

Normal, pre-malignant prostatic intraepithelial neoplasia (PIN) and frankly invasive cancer 
15 cells and normal cells were microdissected from one stained human tissue section and a protein 

biomarker fingerprint obtained, as discussed above. The comparisons were made between proteins 
isolated from approximately 1500 cells and all samples were run in triplicate. Two proteins, 
having molecular weights of 28,000 and 32,000 Daltons, were found to be reproducibly 
differentially expressed during the progression of the cells from normal to pre-cancerous to frankly 
20 invasive. The results are disclosed in Figure 17A, 17B, and 17C. In particular, the relative ratio 
of expression of these two proteins can be correlated to the state of the cell and is reproducible in 
the three cases analyzed. Although this is an extremely small sample set, this experiment does 
demonstrate the ability of the present techniques to analysis of the progression of a cell sample to 
cancer. 

25 Extension to Other Cancers 

These same methods have been extended to determine the presence of protein 
"biomarkers" in eight normal/squamous cell cancer of the esophagus cell sets. Three separate 
independent microdissections of eight different patients' tumor and normal esophageal epithelium 
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P^foreachproteinp^analyxed. lk «, mi ^^ i!AMi(B ^ 
proteins were found lo be present in a disease specific manner, one of which was up regulated in a 

— , P^fromaTtScascsexamined. ^of^ands-darddev^fo, 
these analyses indicate that the relative abundance of tbese two proteins may serve as valid 
H— - tna, ^ ^ ^ ^ ^ ^ ^ ^ ^ 



EXAMPLE 6 

MuWptexed ^ for H^,,^ Taiset ValHalioii Md Bnunmm 

Interaction Assay 

». ** to compare pr*i. content of rmi tt ce„ sampies as described above can be 
- h* assays te arrays. Hxamp.es of ^ ^ ^ 

^TpubiicaoonWC^^wo^, whose disciosu,, a« bereoy heated by 
—~ ^^•^h.a^arrayfo^tare^.Wforscreeoingpc.ndai 
^apeuucagents^anaiy^^irimpactonve^smafi^ofce,,. .opardeuiar me 
» ^--^-^Uf W a,, B „ n ^ ific ^^ ssu£has 
^P-ways. These results can, for example, indicate the efficacy or toxicity of a particular 



agent on the cell. 



25 



to the a g en, to be tested. Toe expire can be done ,„ vivo, prior to coiiectioo of the 

«POsur« wouid invoive admi.is.adon of the a 8 en, to the subject, wMie * *. adrniuis^ion 

could be adminsitration to cultured celk . u 

ultured cells. Some agents that could be tested include phannacological 

agents, imaging agents, labeled proteins such a* ,,,»„,,* 

P terns, such as hgands, or other agents known to have particular 
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effects on cells, such as cytokines. After exposure, microdissection techniques are used to isolate 
fce cells of interest from the sample, the cells are lysed to allow isolation of the proteins or other 
~ llular components, such as nucleic acids or other subcellular structures, from the sample, and the 

,ysate contents are transferred to a confined zone of a substrate. Tfce lystate contents, or cellular 
5 components, are placed in identifiable positions on a substrate. where such positions are confined 

zones. Ootv^^cM^^cao^amm. The array is constructed by 

applying microspots of the isolated proteins on any suitable matrix, such as nitrocellulose, nylon, or 

silica. 

Refering to Figure 19. the microspots are arranged on the matrix in any manner that 
10 produces meaningful data. The micropsots can be placed on the matrix using, for example, a 

micropipette. and examples of the substrate include a glass or plastic slide, a section of embedding 
medium, or a nitrocellulose matrix. In one embodiment, the microspots can be arranged in the y- 
dimension by patient number and in the x-dimension by a criterion for categorizing the various 
samples obtained, such as by stage of malignancy. Other alternative criteria include before and 
15 after treatment samples, various cells types, such as epithelial and stromal, or stages of 

development for embryonic samples. The microspots are then subjected to some type of analysis, 
for example, to determine if an amount of a particular protein is altered. Such analysis can include 
probing with an antibody as the binding agent. Alternative analyses include probing with other 
binding agents such as nucleic acids, labeled or unlabeled DNA or RNA. or aptameric or phage 
20 display screening. A consistent alteration in the cellular content of a protein is then correlated to 
exposure of the tissue or cells to the agent of interest. 

The matrix can be a general capture matrix, such that all isolated proteins from the sample 
are present, or embedded with a specific binding agent that would result in the maintenance of only 
proteins of interest. In this embodiment, the microdissected proteins in a soluble form can be 
25 labeled, for example with a radioactive or fluorescent tag. and capture by the binding agent is 
detected by the presence of the label. Alternatively, the protein spots themselves can act as a 
binding agent or aaractant for an interaction, such as detection of a labeled target or ligand within 
theDrotein spot after treatment with a labeled test solution. Because of the method of isolation of 
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By using samples ta Duraple ^ fc KsnjB ^ ^ ^ s ^ 
-^^Pa^embeddeds^ taS ecti,ns. 

~ * sained li5!M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

o^cr^ys, .^u^^^,^ 

records of the slide image. 

Additionally, it is anticipated that the tissue arrays can include a body tissue set, which 
— comparison of the tesults ob^ from *e ^ ^ ^ ^ ^ ^ 

tissues of the patient's body. Tims, any variation in individual patient protein composition, or any 
^^- — -^^-^^^.^^^^^ 

^^^^^P^in^app,.^^^^^ J 
15 each spot with a positive control. 

A schematic drawing illustrating a sample tissue arrav for „ ■ • 

oiiipic assue array for examining protein content of 

— -issue o f muKpie patients is aimmd ^ ^ fc ^ ^ 

^^••-----^-.-.^^^.^^^ 

subject on protein content of breast tissue in various stales of ™.i 

anous stages of malignancy, from normal tissue to 

suasion, l^.-ta^^.^^^ ^ 

- - -itivUy „, me tes, defied c^ns *» effeca on the level of cellular Wochemical 
pathways in each stage subset can be obtained. 

^-^^o^ue^y^^^^^^^ 

is the use of the protein content assay to prescreen v, n v»,. .• 

y » presereen various ttssue types for the target of diagnostic 

■ ^^moiedes. In this embodiment, a therapeutic or diagnostic agent is being evaluated 
* * aporopriaeness in a patient, tream™. „ fc ^ of „ _ fc ^ fc ^ _ 

^.^s^mva^cell^ofmepa^can,^.^^^^^,^ 

" ,9aSaneMmP ' e ' ''''"^-'^^^eforachemomera^ 
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~ M i, to urge. agent is preser, ™ allows — • " ^ * 

5 the diseased tissue. 

To prepare a comparison assay betwe*. a tissue sample and to results « - 

^ ^ »^.•.^*l-«-*•-- , ■ 10 ••*-'" ,,-,^,-,,, 
^^Ti.^««<i-li3.1«-^-■----■ ta -*■ ,l, * , • 

,„ ^M—*^- — 'W*"— Thesitfeisnextpiacedinacetonefor 
,„ seconds, Diff Quick M « 0>a»= Bender, for 5 seconds, an, acetone ,0, 10 seconds, 
^suinedsiic.is^owed^inxy.enefor.n^um „, 30 secondsto dehydrate. 

Ceus of nue.es. arc dissected from me slide by LCM using to PixCell U (Menus 

15 .ubcellular ar»cue of nuerest, and to ecus arc embedded in a tormoolasuc polymer fum 

with 4 % BME and one pan T-PBR (Pierce) is heated to boiling. A 40 /d aliquot of to hot 

"^ontoto^ftlm^™^^ 

oftheceusandre^ofto^componems. still inveited, with to buffer flooding to cap 
^ „ ^ at* cap assemMy is piaccd in a 70X incubator for overnight mention. After 
*e hKubaOon. to * is once more vonce* in an invert posWo. after which it is turned 
^tandc^fbgedfor ,0 seconds. Dilutions are made from to resulting lysate using T-PER. 

bottom microtiter plate. 

W~ (Schleicher * Schueto covered in pure nitrocellulose are piaced in to appropriate positions 
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-^ W " < ^ fch — — — • ^ Inea ^ micro tube lowers into the 

I***, me «*e „»e r 4e mtIOC<!lJulose a 

"cellulose surface measuring 300 m in diameter 

— te ™ * - - - Preseo, invention. 

10 System One 

nitron i Proteins. The protocol outlined for 

- «ep „ fc ^ ^ ^ h ^ ^ siUK ^ 

incubation, with agitation, overnight at 4°C After ,h P „ • u • 

1 ^ ° VenUght ^a*"**. the slides are washed 
with agitation in a IX PBS/0. 1 % TWEEN washing buffer one time fo K • 
, • S ' ° ne bme for 15 nunutes and twice for 5 

m«er. to «^ a. 

washing a, described above . The 10X Asav , 

---sha.,s^ teforWoraiTOstibmCTgedtotheixA!sa;Bote 
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which it is exposed • *>• «*—"" resoits using this «— "** °* * 
of pros,,,. -1. -S™ in prostate tissue is shown i~ Figures 20B and 20C. ' 

System Two 

The second u.ustrati»e e*atnp.e use. the DAKO Au.ost.tner Universal Suining System 
(DAKO Cordon, Carpi*na, CA). This autotnaed snde processing sys» uses a pntna* 

revision- Systent). litis is . of a rttriMMMM «ed K*. The 

p^ Oncye shoe is Hocked in .-Bio* (TROPIX, Inc.) for a irdnitnurn of 1 hour. The DAKO 

onfcesUdes. The nUrccelhuose snde is ..shed with a Wash Buffer wash (prcpadaged hy 
DAKO). ^^^.^^^^^^^^ 

Th ^l,-«-*-.----»*••'---• , *- 4, '■ ll,- "*' ,- " 

mposMve^arevisihies-ngof^spcrten 

pro ,,ins on the siide. Rep— resuhs using this system for anaysisofuKcoaentofp^e 
scfubteantigen (PSA) in prostate tissue are shown in Figure 20A. 
Thetis^arraym^ 
, ^ucioie. — — » — - * K^"""™*"** 

a nd»e^. OT ^>-P''«^ Sto0 ' to ^ le5mirf '"' h *' M, ° ter0t 
, ^piacedonamanixof^wosepv. Using standard Western technic, the 

^ 11 .„^--. h !*-a».«B.-^■*» M * , --"• -fc,,, * 

^^l«-w-«*»---- ta -** ,w, -* ,0,, *"" ,ih * , " t M 
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containing as few «iw e k. • »«npjes 

,8nre 22 ' ^ tysates contained a reduced 
concentration of annerin i o j • «=« a reduced 

' but changes or modifications can be made jo the embodiments without departing fr^, 
20 ^^^o^ereseamventa,. ^ 
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We claim: 

1 . A method of analyzing the protein content of a population of cells from a tissue 

sample, comprising: 

a) extracting the population of cells from the tissue sample using laser 

5 capture microdissection; 

b) isolating a protein sample from the extracted cell population; and 

c) analyzing the isolated protein sample. 

2. The method of claim 1 wherein isolating the protein sample comprises 
solubilizing the extracted cell contents in a small volume of a buffer comprising at least one 

10 detergent to solubilize the cellular lipids, at least one proteinase inhibitor to preserve protein 
content and function, and at least one salt to lyse the nuclear contents. 

3. The method of claim 2 wherein the small volume of buffer is about 1^1 to about 

15/*1. 

4. The method of claim 1 wherein analyzing the protein sample comprises 

15 performing a soluble immunoassay using a labeled antibody specific for a protein of interest. 

5. The method of claim 4 wherein the labeled antibody is labeled with a marker 
selected from the group consisting of colorimetric-detectable, chemuuminenc*. fluorescence, and 
radioactivity. 

6 A metfaod Qf quantif y mg the amount of a protein of interest in a population of 
20 cells, comprising: 

a) extracting the population of cells from the tissue sample using laser 

capture microdissection; 

b) isolating a protein sample from the extracted cell population by 
solubilizing the extracted cdl contents in about 1,1 to about 15,1 of a buffer where the buffer 

25 comprises Tris-HCl. NP-40, sodium deoxycholate, sodium chloride, EDTA, aprotinin, leupeptin, 
sodium pyrophosphate, sodium orthovanadate, and AEBSF; and 

c) performing a soluble immunoassay using an antibody specific for a 
protein of interest in the protein sample, where the antibody is labeled with a marker selected from 
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population. 

•) Perfonrfng , 0M — — * p^^ 8e , 

•) perta** a a™ ^ 
■o separate the pro(eills fton ^ ^ 

b) isolatiog a prottin of taeresl frcm, fte gel; ^ 

10 - The method of claim 9 wh^in a* 

am the seance fa determined ffiing , 

^^^^^^^^^^^^ 

««d to desorptitWdae of ^ ^ 

^^^'"^^^tasaopkc^ 
fingerprint for the cell population. 
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12. The method of claim 1 wherein the cell population is microscopically identifiable 
as a tumor cell. 

13. A method of characterizing binding properties of one or more intracellular 

proteins of a population of cells, comprising: 

a) extracting the population of cells from the tissue sample using laser 

capture microdissection; 

b) performing a one dimensional polyacrylimide gel electrophoresis (ID 

PAGE) or two dimensional polyacrylimide gel electrophoresis (2D PAGE) to separate the proteins 
from each other; 

c) removing at least one protein of interest from the gel; 

d) further analyzing the protein of interest by incubating the protein with a 
known or putative binding partner for the protein of interest; and 

e) detenrdiimgwhetoerfoep^ 

putative binding partner. 

14. The method of claim 13 wherein the protein of interest is PSA and the known 

binding partner is alpha-l-antichymotrypsin (ACT). 

15. A method of differentiating a protein content of several populations of cells of a 

tissue sample, comprising the steps of: 

^ extracting at lea$t a fffSt ^ a second population of cellular material 

directly from one or more tissue samples using laser capture microdissection; 

b) isolating protein from the extracted cell populations; 

c) analyzing the isolated protein; and 

d) comparing a protein content of the first cell population to a protein 
content of the second cell population to identify the differing content. 

16. The method of claim 15 wherein isolating protein comprises solubilizing the 
extracted cellular material in a small volume of a buffer wherein the buffer comprises Tris-HCl, 
NP-40, sodium deoxycholate, sodium chloride, EDTA, aprotinin, leupeptin, sodium 
pyrophosphate, sodium orthovanadate, and AEBSF. 
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^^^.^^^^^^^^^ 

population. 

«W.e. che-u^, fc,^ ^ rad . oaajvc ^ 

a) ported , roo dtoKioml ^ ^ 
to separate proteins from each other; 

b) isolatingaproteinofinterest from the gel; and 

0 determining an amino acid sequence of the protein of interest. 

sequencing, liquid chromatography Quadrant inn t~ , 

grapny quadrapole 10 n trap electrospray (LCQ-MS), and matrix 

asasted laser desorption/time of flight analysis (MALDI/TOF). 

a) performing a one dimensional polyacrylamide gel electrophoresis (,D PAGE) 

or two dimensional polyacrylimide gel electrophoresis (2D PAGE> to < 

rc5Is ^ up AGE)to separate protein fractions 

from each other; and 

UmDe ' labekd for a pro.* of 
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24. The method of claim 15 wherein the first population comprises several 
subpopulations wherein each subpopulation is microscopically identifiable as cells at different 

stages of tumor progression. 

25. A method of comparing the protein content of a first population of cells 
m icrosco P ically identifiable as tumor cells to the protein content of a second population of cells that 
are normal wherein both populations of cells are extracted from the same tissue sample, the method 
comprising: 

a) extracting the first and second populations of cells from the tissue sample 
using laser capture microdissection, in which a laser targets the first and second populations as 
microscopically distinct and separates them from a larger microscopic structure; 

b) isolating a protein sample from each extracted cell population by 
solubilizing the extracted cell contents in about 1,1 to about 15 .1 of a buffer where the buffer 
comprises Tris-HCl, NP-40, sodium deoxycholate, sodium chloride, EDTA, aprotinin, leupeptin, 
sodium pyrophosphate, sodium orthovanadate, and AEBSF; and 

c) performing a one dimensional polyacrylamide gel electrophoresis (ID PAGE) 
or two dimensional polyacrylamide gel electrophoresis (2D PAGE) to separate proteins of the 

protein sample from each cell population; 

d) further analyzing the separated proteins of each cell population using a protein 
speciflc dye or Western blotting with a labeled antibody specific for a protein of interest; and 

e) comparing a protein of interest content of the first cell population to a protein 

of interest content of the second cell population. 

26. A method of comparing the protein content of a first population of cells 
microscopically identifiable as tumor cells to the protein content of a second population of cells in 
order to identify the origin of the first population of cells, the method comprising: 
; a) extracting the first and second populations of cells from the tissue sample and 

from each other using laser capture microdissection; 

b) isolating a protein sample from each extracted cell population by solubilizing 
^cells from extracted cel. populations in about 1 ,1 to about 15 ,1 of a buffer where the buffer 
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-*« Ws-HCl. NP^O. sod ta 
_ sod,™ pyropuospta,, ^ ^ ^ 

d) comparing the protein fingerprint of the fir« ^ i • 
f g ^ 1 ° f 1,16 first Population of cells to the protein 

have the same origin, 
same patient as the first population of cells. 

output port. 



20 



25 



3". ***—*»** fc ** rfcm ^ 4-i|tat 

-p^ofaeap^to^,^^^^^^^ 

« ■ T„e deviee of elaiu, 2, wr . erem tte a , . ^ ^ fc ^ ^ 
— to teodue, volumes of Uouid into ft. Mer pon ^ ^ 

32. The device of claim 3 1 wherein «i„ m ~ • 

->i wnerein said means is a syringe. 

— i *■* ,o move IM d ^ 4e ^ ^ 
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34. A method of screening for the presence of a cellular component in a population of 

cells from a tissue sample, comprising: 

a) extracting a population of cells from the tissue sample using laser capture 

microdissection; 

5 b) lysing the extracted cell population to produce cellular components; 

c) immobilizing at least one cellular component or a binding agent in a confined 

zone; 

d) contacting the cellular components with the binding agent; and 

e) detecting the interaction between the components and the binding agent. 
The method of claim 34 wherein the cellular component or the binding agent is 

labeled, and detecting the interaction between the cellular component and the binding agent 
comprises detecting the presence of the label. 

36. The method of claim 35 wherein the label is detected by a method selected from the 
group consisting of a colorimetric, chemiluminescent, radioactive, and fluorescent label. 

37 . The method of claim 34 wherein the confined zone of the immobilized cellular 
component or the immobilized binding agent is an array. 

38. The method of claim 34 wherein the cellular component is immobilized. 

39. The method of claim 34 wherein the binding agent is immobilized. 
40. A method of screening for the presence of a cellular component in a population of 

cells obtained by laser capture microdissection from a tissue sample, comprising: 

providing an array that includes either (a) an array of immobilized binding agents for the 
cellular component or (b) an array of immobilized cellular components from the microdissected 
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cells; 



25 



exposing the array of immobilized binding agents to laser microdissected cellular 
components, or exposing the array of immobilized cellular components to binding agents for 
cellular components of interest. 
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LCM (LASER CAPTURE MICRODISSECTION) FOR CELLULAR 
PROTEIN ANALYSIS 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to methods and devices for the analysis of cell samples where 
the samples are pure populations or subpopulations of desired types. In particular, the present 
invention allows for direct comparison of protein content and protein characteristics between 
10 proteins isolated from tumor and normal cells from the same tissue sample. 

Discussion of the Background 
Proteomics is the study of variations in cellular protein levels between normal and disease 
states. As the field of molecular biology moves beyond genomics to proteomics, there is a growing 
need for a direct method to monitor the levels of expressed proteins in developing, diseased or 
15 genetically altered tissues. Direct monitoring of tissues is difficult because of their heterologous, 
three-dimensional structure. This structure is the result of the strong adhesive interaction of the 
various cell types with adjacent cells, connective stroma, blood vessels, glandular and muscle 
components, adipose cells, and inflammatory or immune cells. The amount and type of protein 
expressed by cells in such a native tissue environment may be quite different from that of more 

20 easily studied cultured or transplanted cells. This consideration requires a direct means of 

measuring protein levels to obtain results reflecting in vivo conditions. 

Previous methods for extracting and analyzing protein macromolecules from tissue 
subpopulations have included UV laser ablation of unwanted tissue regions (Meirer-Ruge et al., 
n». l aS er in the Lowry Unique for micro motion of freeze-dried tissue slices, 8 Histochemical 
25 J. 384 (1976)) and oil well isolation of tissue cells (Matschinsky et al., Quantitative histochemical 
analysis of glycolytic intermediates and r otors with an oil well technique , 16 (1) J. 
Histochemical Cytochem. 29 (1968)). These methods were complicated, labor intensive, and did 
not utilize protein stabilizers. 



WO 00/49410 



-2- 



PCT7US00/O4O23 



10 



Because of these limitations, a number of direct comparisons between tumor cells and 
normal cells have not been achievable. There has been no way to direcuy compare, without the 
danger of contamination, the spectrum of proteins contained in norma, cells with the proteins 
in tumor cells in a sing.e tissue. Many hypotheses about altered protein levels in tumor celis have 
been based on work on cells lines. M d the ability for continued growth in culture by the ce,l line 
injects yet another variable into the results. There has also been no way to directly quantify 
differences in protein amount between tumor and norma, tissue . Much of the work in this area has 
been done using immunohistochemistry, imparting the limitations as to quantification and 
specificity discussed above. Moreover, mere has been no way to compare the protein content of 
various stages of tumor development, or to compare the characteristics of proteins found in tumor 
cells to those in norma, cells. Nor could a protein's ammo acid sequence or bindmg characteristics 
be performed. And, because such comparative protein studies could not be done, it was difficult to 
reliably determine the source of a tumor metastasis, unless the probab.e tumor source was already 



known. 



15 



SUMMARY OF TTTF ni«n r>c T rpp 
Proteomic research has been complicated by the fact that cells undergoing the progression 
to a diseased state may constitute less than 5% of the volume of a tissue biopsy samp.e. In a 
mixture of diseased and normal ceHs, differential protein expression in the diseased cells may be 
20 masked by ^ Aground" of pro te ln s jessed fa normal cells . ^ 
provide a solution to this prob,em, because it can provide only the .ocation of the targeted antigen, 
rnis technique is ineffective at providing quantitative data because it is not possible to calibrate the 
intensity of immunohistochemical staining with the actual number of antigen molecules in the 
stained tissue cell, Additionally, many antibodies cannot differentiate between pro-enzyme and 
25 active enzyme species. Immunologically based studies cannot easily provide a complete picture of 
a cell's protein contents. 

Tte pr«e« invention .teote ^ ^ nabols & ^ ^ ^ 

of toxBssacW cefc. ^ apply*,, variom ^ „ fc ^ ^ 
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inununoassays, ID and 2D gel electrophoresis characterization, Western blotting. Matrix Assisted 
Laser Desorption Ionization/Time of Flight (MALD1/TOF), liquid chromatography quadrapole ion 
trap electrospray (LCQ-MS), and Surface Enhanced Laser Desorption Ionization Spectroscopy 
(SELDI). These methods allow for direct comparison of qualitative and quantitative protein content 
of tumor cells and normal cells from the same tissue sample. The methods also allow for 
investigation of protein characteristics of tumor cells, such as binding ability and amino acid 
sequence. The present methods also provide, through the use of protein fingerprinting, a rapid and 
reliable way to identify the source tissue of a tumor metastasis. 

in this method, the protein content of a selected population of cells from a tissue sample is 
analyzed, by extracting the population of cells from the tissue sample using laser capture 
microdissection (LCM). The population of cells that is extracted can be, for example, cells of a 
particular cellular substructure (such as cells from epithelium on the lumen of an organ, or pockets 
of cells that have undergone malignant transformation against a background of a larger population 
of more normal cells). Proteins are isolated from the isolated population of cells, and 
characteristics of the proteins may be analyzed to provide information about the protein 
characteristics of the selected isolated population of cells. 

in particularly disclosed examples, differential expression of proteins in isolated malignant 
cells can be used to study changing patterns of protein expression during malignant transformation. 
In other examples, cells at different stages of biological transformation (such as neoplastic 
progression from normal cells to metaplastic cells to invasive carcinoma) can be studied to analyze 
differential protein expression at different stages of neoplastic progression. Similar methods can be 
used to analyze cells for therapeutic purposes (such as selecting drugs targeted against expression of 
particular proteins), or in drug response assays (to assess changes in protein expression as an 
indication of drug response). 

RttTF.F DESCRIPTION OF THE DRAWINGS 

Figure 1 isarelative size comparison of the laser beam diameter and the epithelial tissue 
sWple being microdissected. Laser Capture Microdissection (LCM) was performed to selectively 
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transfer only the epithelial lining of the prostate gland to the polymer fin, The 30 micron laser 
beam spot size is shown in relation to the thickness of the gland. EP: epithelial, LU: lumen, 
stroma are as marked. 

Figure 2 shows how cells of interest are selected using LCM and transferred onto a cap, 
where me proteins are solubilized directly into a tube. 

Figures 3 A and B are graphic representations of the number of molecules of PSA as 
compared to me number of laser shots used to harvest the cells. Figure 3A shows the results of a 
500 shot sample of tumor cells serially diluted to verify sensitivity. RLU values were converted to 
PSA molecule numbers. Linear regression indicated an rvalue of 0.998. Figure 3B reports the 
results of a linearity analysis conducted on six different tissue sections from the same patients. Tie 
number of laser shots are indicated, r = 0.95. 

Figure 4 is a table showing the number of PSA molecules, the coefficient of variation of 
the process, and the mean number of cells used in the immunoassays. Tnese sensitivity and 
precision analyses were done on 10 separated nncnxWtion replicates. The mean readout in 
15 ^Usisreportedaswel,a,mecorresrx,ndmgnumberofP The sensitivity, defined 

as two standard deviations above background, was one laser shot. Imprecision (%CV) was 
inversely correlated with number of shots per specimen. 

Figure 5 is a table comparing the number of PSA molecules with the 
immunomstochemistry score. Independent immunohistochemistry scoring of coded specimens was 
20 <fcnebya P amologist^^ ^ ^ 

intraepithelial neoplasia, Tumor: invasive carcinoma, Normal: histologically normal prostate 
glands. The relative concentrations of PSA per cell among different progression stages varies 
greatly and this corresponds directly to the semiquantitative immunohistochemistry scoring. 

Figures 6A, B, and C are 2-D or 1-D gel comparisons of the proteins in microdissected 
25 normal and tumor epithelium. Fifty thousand cells were procured by LCM, directly lysed in IEF 
buffer and run on a 3-10 NL Pharmacia IPG IEF strip for lOOWhr. The second dimension runs 
were performed on 8-18% linear gradient SDS-PAGE gels and the gels were stained with silver. 
Figures 6A and 6B show match tumor and norma, fingerprints for each patient. A representative P I 



WO 00/49410 



-5- 



PCTYUSOO/04023 



and molecular weight ruler for direct comparison and alignment is shown in panel A. Figure 6C 

shows the alpha-tubulin immunoblot that was used to normalize for relative protein load. 
Figure 7 is a 2-D gel comparison of microdissected normal and tumor epithelium 

compared to a Western blot using an anti-pan-cytokeratin type II antibody. The gels were run as 
5 described for Figure 6. The completed gel was transferred to PVDF membrane and western 

blotted with a 1 : 1000 dilution of anti-pan type II cytokeratin. 

Figure 8 is a 2-D gel comparison of microdissected normal, tumor epithelium, and stroma 

tissue indicating the differences by circling the altered proteins. The gels were prepared and run as 

described in connection with 
10 Figure 6. 

Figure 9 is a 2-D gel comparison of microdissected normal and tumor epithelium as 
compared to whole tissue cryostat where circles indicate the locations of the "altered" proteins. 
The gels were prepared and run as described in Figure 6. 

Figure 10 is a ID-gel anti-PSA Western blot of cell lysates from microdissected normal 
15 and tumor prostatectomy specimens. Lanes 1 & 3 are benign epithelium and lanes 2 & 4 are from 
malignant epithelium. 

Figures 11A and B are anti-PSA Western blots, where lanes 1-4 are benign epithelium and 
lanes 5-8 are malignant. Lanes 1 & 5 are untreated, lanes 2 & 6 are with ACT added, and lanes 3 
~& 7 are incubatTon^^ ACT added with 120 minutes of incubation ar - 

20 37° C. 

Figures 12A and B are anti-PSA Western blots showing complexed and non-complexed 

species. 

Figures 13A, B, and C show data which indicates SELD1 protein profiles of LCM-derived 
cellular lysates are reproducible and sensitive. Figure 13A shows two separate microdissections of 
25 prostate tumor epithelium form the same tissue section from the same patient (1200) cells each) 
which were analyzed by SELDI protein fingerprinting. The raw mass spectroscopic mass map is 
shown for each microdissection along with the Gel-View* display from the same data set. Figure 
13B%hows two separate microdissections of prostate tumor epithelium from a tissue section from 
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two different patients (1200 cells each) which were analyzed by SELDI protein fingerprinting. The 
raw mass spectroscopic mass map is shown for each microdissection along with the Gel-View* 
display from the same data set. Figure 13C shows four separate microdissections of decreasing 
number of cells that were analyzed by SELDI protein fingerprinting. The Gel-View' display is 
5 shown as a representation of the direct alignment of each of these four mass spectra to each other. 

Figures I4A, B, and C show that SELDI protein profiles of LCM-derived cellular lysates 
are discrirninatory between different tumor epithelial cell types from different patients and between 
tumor and normal epithelial cells from the same patient. In Figures 14A and 14B LCM derived 
tumor epithelial cells (1200 cells) from prostate, breast, and colon frozen tissue sections were 
10 separately acquired and analyzed via SELDI . The Gel-View" representation is shown in Figure 
14A and the sonographic mass profile is shown in panel B. Figure 14C shows the SELDI 
analysis of four separate patient-matched microdissections of 1200 cells of colon normal 
epithelium, colon tumor epithelium, colon tumor epithelium from the colon tumor that has 
metastasized to the liver, and normal liver cells next to the metastasis. The Gel-View* display is 
15 shown as a representation of the direct alignment of each of these four mass spectra to each other. 
Figure 15 is a SELDI fingerprint comparison between a variety of tumor types. 
Figure 16 shows a device developed for solubilizing proteins in cells taken from a 
biological specimen by LCM. 

Figures 17A and 17B are SELDI analyses of microdissected esophageal epithelium 
20 showing proteins deregulated in a disease-specific manner. Figures ISA and 18B are SELDI 
analyses of 8 different esophageal cancer cases, where three separate microdissections of eight 
different patients' matched tumor and normal cells were subjected to SELDI analysis via the use of 
a hydrophobic interaction C18 binding surface. Each replicate was run in triplicate, giving a total 
of 72 data points for each protein peak analyzed. The analysis of the protein fingerprint in the low 
25 mass region is shown in Figure 17A, the higher mass region in Figure 17B. A representative mass 
map from one case (case #1) is shown on the left side of each panel with the normal and tumor 
fingerprint shown (top and bottom, respectively) for each mass region. A gel-like representation is 
displayed for that particular case as well as the fingerprint for two other cases. Proteins 1, 2, 6, 
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and 7 are labeled for orientation. All cases analyzed in the study set were then subjected to 
analysis as a ration of relative intensity of the selected proteins to one another and the statistical 
results sonw on the right side of each figure. Figure 17A: average C.V. = 12.7%, 29.4% for the 
normal and tumor microdissections respectively. Figure 17B: average C.V. = 10.5% and 18.9% 
for the normal and tumor microdissections, respectively. 

Figure 18 shows the SELDI analysis of prostate carcinogenesis. Figure 18A shows a mass 
map that represents the profile from 1500 normal, pre-invasive neoplasia (PIN) and invasive 
carcinoma cells acquired by LCM from one case (case #2). Additionally, the corresponding 
patient-matched stromal cells (1500 cells) were also microdissected for analysis. Figure 18B shows 
a gel-like image of the raw mass data shown in Panael A. All samples from this patient were run 
in triplicate, with the representation of one experiment shown. Two proteins, A and B, having 
molecular weights of 28,000 and 32,000 respectively, were found to be reproducibly differentially 
expressed in this patient and are indicated in both Figures 18A and 18B. Figure 18C shows the 
ratio analysis of A vs. B from an additional study set of two other (cases til and #3) patient 
15 matched tumor and normal prostatic epithelium (average C.V >= 17.2 % and 10. 1 % for the 
tumor and normal microdissections, respectively). 

Figure 19 is a diagram of the multiplexed tissue array method for a high throughput target 
validation and drug tissue interaction assay, using microdissected human breast cells in various 
stages of malignancy aTan example biological sample. 
2 0 Figures 20A, 20B and 20C are representative results using colorimetric and 

chemiliiminescent detection methods for prostate soluble antigen (PSA). The rows of the upper 
arrays are in all three cases (1) a protein standard, (2) prostate stroma, and (3) normal prostate 
tissue, while the lower arrays include (4) prostate intraepithelial neoplasia (PIN), (5) tumor tissue, 
and (6) invasive tumor tissue. The amount of total protein loaded on the gel is reduced across the 
25 rows. Figure 20A shows the colorimetric results, Figure 20B is the positive and Figure 20C is the 
negative image of the fluorescence results. 

Figures 21A, 21B, and 21C diagram the reproducibility of protein analysis for samples 
microdissected from a mixed iample of epithelial cells of the esophagus. All the following data 
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annex* , proain daa in norma, alls over , valMm of ^ ^ om ^ ^ ^ 
— » slide sets. 2IB stows , ^ of fc ^ vjtjame ^ ^ ^ ^ 

Ftgure 2,C graphical,, shows of ^ toal ^ ^ ta fc ^ „ ^ 

by fluorescence detection. 

Figure 22 shows the resulIS „ ^ ^ ^ ^ ^ 

labeled lysates tan .nicrodissected normal and tumor cells. 



DETAILED nrarwr.™, OF n.jvnyr.^ 
' User Cap^e Microdisseaion Wi,^ ^ ^ fc 

»*r ,„ obttin pure eel, potions ta ^ tmnmmm ^ ^ ^ ^ ^ 

rnicroscopic visuafcation. See Emmen-Buck el a,., Is^C^,^^^ m ^ 

998 < " 96): *— « *• ^cms^^.. Molecmar ^ rf 2?8 

»— WW A laser beam fc.anyactfvatesaspec.a, Wer fdm that specify bond, 
to ceUs idendfled and targead by microscopy withm the tissue section. ^ ^ fc ^ fc 
^ cells is to Med of, to ^ ^ ^ lMvb8 ^ mwmBd ^ ^ ^ 
process aUo™ the ^ „ ^ ^ KUs ^ fc ^ ^ ^ ^ 

application of LCM to the aalysis of the DNA ofisolated cells is described I, U. S . Pa™ No. 
5,843.657. issued to Lioba el al., whk* is incorporated by reference. 

Briefly, the LCM process works as follow, Hrst, the transparent transfer film is ^ 
to the surface of me tissue seaion. Ut* d* mi^, fc ^ ^ fc ^ ^ 
section trough the gfcss sbde „ ^ „ „ ^ ^ ^ ^ ^ ^ ^ 

-y. When the cehs of choice are in the cenler of the lield of view, the operator pushes a button 
•oat activates a near IF laser diode integrand with the micros^ op.es. The pulsed User b=*n 

a Precis, spot on me War fflm imaMy above tb, cells o, toerest. At this p^cise 
location Ute fdm roelts and fuses with * underlying ceUs o, choice. When a. fflm is removed 
ft. chosen cents, are .gbdy held wimin dte f^afly eipa nded p„,yme, „bi,e me res, of fc .ssu. 
is hebind. The morphology of me procured cell, is retained and held on me Wer fdm 
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e^gPreservaUonofthec* intracellular components such as DNA, RNA, and pro^s for 
««. analysis. T»e removed transfer Bm and cells are transferred or^ a pUs0c cap (referred ,0 

as the LCM cap) for subsequent analysis. 

fetation of these preserved intracellular components from the cells on the LCM cap has 
necessitated the development of new procedures, buffers, and devices. In ptut.cu.ar, the present 
^eds utUUe a new P-edure for extracting proteins from very smah sample sizes, on the order 
of about .500 » abont 5 ce»s, the number obtained in a typical LCM laser shot. This procedure 
genera,., involves** extraction of proteins in one solubiMng step, using a very small volume of a 
^p, buffer. To facilitate the handling of such small volumes and smafl samp.e sizes, a device in 

« fcl *»^^-l.«^P«^"-*- , * - ■ ,l •" , *•'* ,, 

„ procedure a« inn*, proteins, subsumtMy free of c^turnhuttion from other nootumor or 
normal cell types. The isotated proteins maintain activity. td.ow.ng antdysis through any number of 
immunological arri biochemical assays. 

The buffers for the protein isolate step can include one or more of buffer component, 
sa,, detergents, pro*** inhibitors, and phosphate mhibinns. In parfcuUr, one M buffer 
for extracting pr«eins to be analyzed by irnmunohistochemistry includes the buffer Trls-HCl, 
Nad. the detergents Nonidef P-10. EDTA. and sodium ^phosphate, the protease inhibit 
.proUnin and leupeptin. and the phosphatase inhibitors sodium deoxycholate, sodium 
onhovanadate. - 4*-^ benzenesu.fmryln.norK* (AEBSF). McW sa.. which ctndd - 
be used is L.C1, while glycerol is a sunable emulsifying agent that - be added to the fraction 
hrtfe, Additional protease inhibitors include soybean trypsm irdnbnor ar^ pe^utun. Omer 
suitable phospbause inhibitors include phenylmemylsufony. nuoride. sodium mo.vba.te. sodium 
fluoride, and b=ta-g.ycero, pbos^. F. M. ge. analysis. s.mp.e lysis whh a I» SDS solution 
TO effective, whi.e uKimate analysis using the SELD1 process reouired Triton-X-lCX), a detergent 
(Sigma. St. Louis. MO), MEGA .0* (1CN, Aurora, OH), and octyl B-glucopyranoside <ESA, 
Chelmsford, MA) in a standard PBS base. Another buffer which was used prior to 2-D ge. 
analysis was 7M urea, 2M thiourea, CHAPS, MEGA 10, ocryl B.g.«oopyranoside, Trrs, DTT. 
tributyl phosphine, and Pharm»ly.es. A preferred 1:100 concent buffer is as follows: 
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50 mM Tris -HCL 
1% NP-40 
1 % Na Deoxycholate 



150 mM NaCl 



4 mM EDTA 



Aprotinin 



Leupeptin 



10 mM Na Pyrophosp hate 



2 mM Na QrthovanaHat.. 



AEBSF 



Concentration of Stock 
Solut ion 
1 M 
10% 
10% 



3M 



.25 M 



10 mg/ml 



1.25 ml 
2.5 ml 
250 y] 



1.25 ml 



10 mg/ml 



100 mM 



400 m1 



25 gl 



25 n\ 



115 g 



•004g 



250 u\ 



T»e brffer is made and dilmed 1:100 in distilled ^ te ^ m „„„„ ^ ^ ^ 
tacn..-20-C. .tcanonly beusedtmfrozenfcrafewhours. an cases, to buffer is used m 
very low volumes, from about l,d to about 15 „,. and is applied du-ecdy to Ac laser ^ 
dissected cells while still on the LCM cap. 

To simp,iiy to of ^ ^ ^ m ^ ^ ^ ^ ^ ^ 

deve^mhaudfctosmauvolumes. This device (shown in Rg . 16, hKludes asmah charnher , 
"heretosolubutaion^sscanocsu, ^echa^auuppe, w „ such 
■bat it c. dhecuy accept the LCM cap with its adhered cells. The LCM cap is placed in the 
chamber 1 with the surface h**g ceHs upon it facmg the imerior of me chamber. Once to LCM 
cap is aaached to to device, to cens are therefor. surgically p^ned within to chamber and 
solubilization o, to proteins wiil occm up» introdnctton of the solubiitaion buffer. Toe 
chamber is supplied with at least one inlet port 3, which can be equipped with a syringe 4 as a 
— of mtrodttcmg me small volume of the solnhilizmg buffer mto to chamber 1 . rhe mle. po„ 
3 is connected to the chamber by a narrow M e, c^a, 5. where liauids placed into me caaa, will 
move toward the solution chamber by capnUry action. The de*ce ca. include more than one 
tale, chamber, i, desired, each eouipped with a means of in»oducin s Iiqtlid , such as a syringe. The 
device also includes a. ouUet por, 6, connect to the chamber 1 with a narrow outlet canal 7, 
which can be supplied with a tne» of collecting and removing to sclubiltzed protttas. One 
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embodiment of lis device has the ch*,*, 1. *. I* P°<* * We. <-* 3. <— P°" «■ - 

Mia end 7, all machined in a hard plastic block, suet as lucile. 

Once the proKins have bee. solubilized, a mmte <* «™» te-"**- 1 « 
biochemical analyses can be use. >o cn*a«enz« the isolaKd pro*. Because the ecus are usually 
initiany idenufted for LCM capture based on particular morphologica, charac.eris.ics. the results of 
these assays are assured to be representative of the cell type collected. 

One type of assay that can be performed is a soluble Immunoassay, where an antibody 
specific for a protein of imeres. is used. The anubody can he labeled with a varied of nuukers, 
such as chemilumineoce, fluorescence and radioacuvit. markers. For best Ksults, the assay used 
.told be of high sensitivity, sucb as a micropardcle enzyme immunoassay (MBA). B, applying a 
Nation curve used to esumate immuuod.Kc.ed molecules in s«um, the number of molecules 
pe, cell can be estimate*. Tints, the presendy described memods provide a ouantitadv. 
inununoassay, which can measure the acroal number of the proKin molecules of interest in v*o. 

A second type of assay that can be used to analyze the extracted proteins is two- 
dimensional polygamic* gel electrophoresis (2D PAGE). By running bo* proteins extraced 
from normal cells of the sample and proteins attracted from tumors cells of a sample, and 
comparing the Mo4s, differential proKin expression can be seen. In particular, by scanning the 
stained gels imo a compter, and using image comparison software, * location of proteins uta, are 

present m onecell ^^^^^^ ^^^ *"*""' 
proteins can be isolafcd from the gel where they are present, and mass spectrcscopy MS-MS 

protein differences be^een norma! and rumor cells can be more full, understood. Auditionany, 
p^ins of taerest isolate from a Ml gel may be used in binding studies, where the protein is 
toeuonally tes«d for « altera*, in the ability • bind win, a nuttuive or known ligand. Finally, 
mis compare ana»sis need no. be between rArmal .* mmor cells, bu. can be baween isolated 
suges of a rumor, where the different stages exhibit sufficient .nosological differences to allow 
separate isolation of populations using the LCM technique. 
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A touher analysis tot ^ fahlmt ^ ^ ^ of ^ ^ ^ 
<es„rp,i„n ionizadoo spectroscopy tecnni,™, or SELDI (Cipher^ ^ w ^ 
CA). » process can separate protttas wiici wouJd „ b ^ ^ ^ ^ 

analysis, in panics ^ ^ wlich m ^ ^ ^ ^ (< ^ ^ ^ ^ 

events bee,., of tbe earen*,, sntad fc of ^ ^ sac] ^ ^ 

proteins «. rapid,, tban ge, anafrsis. SELD. milizK . . prolefa ^ ^ ^ fc 

and „ f ta ^ aI „ feinlomoIe leve , s ftom ^ ^ ^ ^ ^ ^ 
dtrectly apphed ,o a ^ smll ^ M of ^ ^ ^ 

•bair matrices comprfced of s^ cbrooaograpnic supports, socb as catiwiic „ 

antonic or biocbento, bait molecules . ^ ^ ^ ^ ^ ^ 
DNA oligonucleotides. ^ Strauss. Newwaysj^fcfce^^ ^ ^ ^ 
(MB. h „, LCM ejected samples, fc praKins „, ^ ,„ fte ^ ^ 

■5 theSELNchip. Bbdmg„f t h.p r c^ wo «^ aaisdei) ^ oiit|ieiia|iireofitebaii 

-~arftn.washcondidonsernp.oyed. Tbe^oft^p^^^^^ 
ta« desorptio. and ionizaion and suoseoum .toe of nigb, ^ ^ gaximd ^ , 
"usitive „ weigb, detecto, «s data produces a pratta for fc ^ 

SELDI paving a practical resoiuoon a* detection working range of .000 ,„ 300,000 mm. 
20 ^^-^rgyaosorbmgn^^ 
employed. 

Tie produced protein f^e^ bave p ro ven «, be bod, disease-speciftc and ^ 
<**>n, Ha, is „ say, m ^ of , ^ ^ a ^ ^ ^ 

characteristic o, tha, ^ type, wtelher „ b ^ ^ „ , ^ ^ a 

25 de^nipaOonoftbeorigiuo, an uotaow. t0 te made togt colllp a A o n „ pI0Ieto 
ftogerprints of ponnal or mmx tissue of likely organ sources. 

Tta Princip.es of u* tavenUo,, are funber illnswed by foUowtog Examples. 
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EXAMPLE 1 
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fhmiitifi-* 8 "" " f Intracellular PSA from 
gg^.ju^^ b y tomunoassa i 

Case Materials 

TisM e was obuinrf following an ■» proved prot<«o. from K* I. Urologic Oncology 
Branch in me Nadonal Cane, Insure. Be*esda. MD and the Mayo Chuc in Rochester MN. 
Afte , surgery. ^ tissue samples were snap ft^en in * — - 

embedded m OpUca, Coherence Tomography (O.C.T., compound (Tissue t* Mites. EMart, .N> 

ma, norma, glands, Prostate I-***! <™>- - *- <~ ~" * 

compared within *e same pa-en, Prostate tissue cases were select to M ample stroma to 
serve as a negative control- Lung tissue was used as a second negadve conttol. 

Sectioning and Staining 

The o C T embedded tissue blocks were cut into 8 ,m sections win, a cryosut. After 
^ the secnons w«e hum*,* placed on ice »d ^ s»red a, -8CC. 0,y one secion 
^^eda^dissec^-a^.^mUumi.ede^on.fpr^. Afte, Ifcanon in 70% 

Laser Capture Microdissection 
The PbtCel. systeminconporates anOiyn>P*JX-^^ 

^^^^^^^^^^^ 
^^^^^^^^•^^'^ 

was always less than 15 minutes. A drople, of the earacUo. buffer was applied to me surface of 
». the mouth of the matching via. earning » * - * ■■— « d »° llon ^ * 
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Tta thawed sample was held at 4'C for no longer than 2 5 h* 

longer man 2.5 hours pnor to introduction 

immunoassay module. 



into the 



Of l^r *. ^ tte aTOge ^ ^ rf 



Table 1 




A standard laser spot diameter of **n „™ ^ 

^P»^toity, to shape and their vol™. 

torn volume. Come^eMly, fte top^fei,,, of ^ 

KSreater with fewer laser shots. 

sotabiu^tta, «f pmeins from LCM prKlire(i ^ 

^"'-^^-e^^eeuswas^o,^^ 

^^'^^'—^---^aee^^ 
^-eo^ UM „^ KKb ^ gfc ^^^^^ 

------ ce^^^^,^^^^ g 

background level or linear calibration. 
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Extraction Buffer 

I*. M buffer compost was a 1/1000 dilution of me following stock: 50-1 T* 
„C. 1 % NP-40. 0. 1% Na D«KW . UOmM NaCl, 4mM EDTA, ApnKinin (lOmg/nd). 

^peprm WW* N» — - 0-> N ' ^ - ^ (,0toM) - 

5 Assay Principle 

Tbe .mnuniu, M Generauor. PSA assay (Diagoosric Produce Con... L» Angeles, CA) 

„ adapKd ,o _ PSA soiubufced from *. ecus pro^d by LO. . <• 
measured by a .umi.orne.er (00**: — «*• — W** ^ °' " 

10 to 10,000,000 RLUs. 

PSA immunoassay: Microparticle Enzyme Immunoassay (MEIA) 

PSA was measured by an automated two site chemuuminescent assay, using the 
sensitive ^^^^f^^^^^^^' 
Los Angeles, CA). RLUs reflect the photons detected by the photomultiplier tube, which is 

15 proF .rtionalto*e«^ 

approximately 4 x 10* molecules of PSA per assay. 

Immunohistochemistry 

_ ^^^^s-^to^Awas^u^asfoUow, Ibe frozen secdons 

' """" ~^^*^»~~'^i~~*~** Siim - iam ~~ " 

A^W.-d^^s^wasPe.oxaase/DAB. T*e seconda* rcaeuon was 
performed essentially as suggest by the commercial product insert. 
Calibration Curve 

^ calibration curve use. lor measuremem of PSA m s^ according . ft. Mfe 

» ^^-^.i---— «'«* i -*-' , - , " ,,,,, ^ ,1,USt ™ 

„ curve designed for senuu was reproduced wi*. me U* e*rac^uUr pro* in 

fct ^^««^^-»>'----- ,, - , * m " ,,,,,,< "* 

TO ,ume» o, 100 laser *o K of PSA negauve .issue ceU, Tnere was approximarel, ,00% 
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»—y » * cases, with „o dMcaable elMiM of 2ero dose or dimin.no. „ f fc ^ ^ 
number o, laser she* of actual tissue cells was compared to the calculated number of PSA 
molecules for indfcidua, paUen, cases as shown i. figm , Ltoear regression analysis 
value of greater *, 0.95 over a dynamic range of 0.004 ng/jnL to 1 ng/nU.. 
Sensitivity 

Tne deletion limit o, th, assay „, mi^^ ^ ^ ^ ^ ^ ^ 
of PSA or a PSA negate tissue. Tie t^H, achieved with mis criteria was one 30 „m laser 



shot (5-7 cells) 
10 Imprecision 



15 



20 



25 



He taprecisic, of eel, captu* for 100 shoe, is 3.3% C.V. compared to a C V of .5 
for the PSA measured in the proteins extracted from ,5 laser ahoa. m ^ ^ fc ^ 
otologic heterogeneuy. on. laser shot ertibns a PSA measurement C.V. o,«0.«, even mough the 
mean magnimde o, the signal ,804,416 BXUs, is substandaily greater ton the mean value for 

^^^^^^^^ Thus, c^.5 (analyncal 
-itivir, threshold, „ m laser ^ „. ^ ^ ^ ^ ^ ^ ^ ^ 

provides an acceptable level of imprecision for , roaine assay. 
Correlation tritn Tissue famuiwhlstocliemlstry 

Analysis using LCM coupled win, PSA immunoassays ,0, PSA was c^ucted on prosute 
— s^ons that contained normal epimeihuu, carcinoma, and ^ ^ 
(PIN,. ^-fc**^.^^.^^^^^ For 
each specimen snrdied, a stared eu™ was prepared for a series of different numbers „ nsS e, 

3B). immunohrstochemis^ for Prostate Specinc Antigen was conducted on adjacent secuons 
Tne PSA immur^eaenvHy of cel.Ua, population, id^Ucal to those sampled by LCM on matched 
coded scenes was scored independendy a* ranted on a seaie of .ro . pllK (Fisure „ m 

averagenumberofmolecnlespercell^from 10-to ,«,. Tne inmnmoms.cbemisay scoring 
values paralicled m, ouanntatiou ^ ^ fc heKr(Jg ^ „ psA ^ ^ ^ 
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mol ecules and scored threeplusby — ohistoche^. In contrast, ^ PIN cells contained 3, 
xl * molecules and scored two plus.and.ne tumor cells contained 1.99 x 10^, and stained one 
plus. 

5 Application of this new fetology, as repced in Figure 5. provides ^amitadve 

^■nnado. of ft. hererogeneity « PSA action ft* « f-*»* detected «* * 

Oum a ten-fold difference in PSA molecule number per cell. 

Tie present Kchnology provides one of ft. firs, direct es.ima.es of the actual number of 

Sundance. mn-erof^PSAr^e^esmnonnalpros^eoiMum^edfrom I0>. 
W psa is « importan. serum analy* used ,o clinicaly monitor proaa* cancer, bu. i. is no. a 
snecific maKer of prostate cancer. Previous investors nave report great be.roger.to in ft. 
^ „, PSA imnmrK.nis.c^ staining among ^ - ^"^^ 

populations in the prostate. Populations of nrkrodissected cells of a pure histologic class would be 
^ to coru»in some !evel of beteroge*uv In PSA egression among me population members, 
as presently seen. 



EXAMPLE 2 

20 r^tive Protein Aiulysjsof^^ 



Com parative Protein 
Patients and Tissue Samples 

The two specimens smdied were from patients .bo present . the Shan* cancer 

stage two squamous cell carcinomas of the esophagus. 
Microdissection 

,00; Arcmrus Engineering, Mounui. View. CA, by selectively auoing fo, and capturing normal 
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epithelium or tumor cells. LCM was tvrfnr™^ „ 

WaS Perf ° nned 35 P revrousl y Scribed except AEBSF (Boeringer 

h 10 «— > 98 * cells (normal versus tumor). 

5 Sample Preparation 

One hundred nncroltors of Off iysing solution ^ ^ 

CHAPS. „ ME OA,0. „ Ocr,,^,^, 40 ^ ^ XaMDrim)2 ^ 

ce„s adhered on the UK ap , pla ^ ^ ^ ^ ^ ^ _ 

.0 minu* — - .^..^^ The IEF lysing solution was then re-applied lo 

— cap con^ cells from fc _ aknammat ^ ^ ^ ^ ^ ^ 

each ,00 „ contained ^ from 50,000 cens (a^tely 700 o LCM transfer p^, 
2D PAGE and Image Analysis 

» — « - a Pharmacia tamobiliue „„ 

15 ^^^-*-»-**-*«,. IWtirnr^iredpH gradient 
«*. OS cm, 3-,0 non,h«ar> w ^ „ fc ^ ^ fm ^ ^ 

focusing *« or me w ^ wltl , ^ ^ ^ ^ ^ 
ph ^ wilh w (2 ^ ^ ^ <2 ^ % ^ ^ ^ ^ 

■o » ll» W ^ SDS-PAGE gel for electrophoresis ovenlighc „ „ ^ ^ 

20 voltage. The gels were stained with silver ™i 

eo wtth adver and turect seamung and image analysis was performed 

an Ita scanner with Adobe Ptaoshop sdrware „ a Tetanx n S DX 
phc^aptoc-ouauty P*a*er. Scanned images wete ^ and compared using the MELANIE „ 
software pactage 0M* Comparison of pro** fingerp™ were „ ^ ^ 
"P-™^ Protein spots readily apparent hy iiKa ^ ^ ^ ^ 

* presen.eompiete,, ahseu, ^ ^ _ ^ ^ ^ ^ ^ 

wasperforn^dind^^prc^^^^^,^, 

-Pie load wa, hy ^ . rabnlb ^ ^ ^ ^ ^ 

Scoring of the Mors incited comparison of multiple expos«e times. 
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Analysis of alpha - tubulin 

Ten ,1 of the IEF lysate was diluted 1:1 in 2X SDS sample buffer, boiled for 5 minutes, 
and applied to a 4-20% NOVEX Tris-glycine SDS gel and electrophoresed for 1 hour, 
immunoblotting was performed for 1.5 hour using a BIO-RAD Semi-dry blotting apparatus with 
^obilon PVDF membrane as the capture surface. Blots were blocked with IX TBS containing 
1% ovalbumin and incubated with a monoclonal anti-alpha tubulin antibody for 3 hours. Anti-alpha 
tubulin antibodies were purchased from SIGMA and used at final dilution of 1:1000. Blots were 
washed with IX TBS 3 times for 5 minutes and secondary antibody was added. HRP-coupled rabbit 
anti-mouse secondary antibodies were purchased from SIGMA and used at a final dilution of 
1:10,000. Blots were washed and ECL substrate (Amersham) was added for chenuluminescent 
detection via autoradiography on Kodak Bio-Max film. 
Mass Spectrometry 

A separate 2D PAGE gel was run with microdisseoted tumor from case #1 except the gel 
was stained and analyzed with zinc-imidazole. Two proteins which were aberrantly regulated in 
both tumors were chosen for mass spectrometry MS-MS sequencing. The acrylamide plug was 
taken from the gel and washed once with HPLC-grade water for 5 minutes, and subjected to in gel 
tryptic digestion as previously described . 

In-gel proteolytic digestion 

Gel pieces were excised and washed by end^^ 
30 minutes (room temperature), washed twice for 30 minutes with 150 ,1 of 1:1 acetonitrile/100 
mM ammonium bicarbonate P H 8. Each spot was sliced into fourths and rehydrated 10 ,1 of 100 

ammonium bicarbonate P H 8 containing trypsin (2 pmol/,1) (Promega modified trypsin). 
Additional 10 * of digestion buffer without trypsin was thenadded. After incubation at 37°C for 
20 hours, the condensate was collected by spinning the tubes briefly and excess liquid was removed 
into a new tube. Peptides remaining in the gel matrix were extracted twice with 150 ,1 60% 
aqueous acetonitrile, 0. 1% TFA at 30<>C for 30 min. The extracted volume were reduced to about 
5 pi using an Eppendorf speed-vac concentrator. 
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Electrospray mass spectrometry 

Masspectrometric data regarding tryptic peptides from in-gel digestions were obtained 
from collision induced dissociation (CID) spectra with a Finnigaa-MAT LCQ i on trap 
masspectrometer after introduction via a polyamide coated fused silica microcapill^ HPLC. 
5 Immunoblot Analysis of Cvtokeratin 1 and Annexin I 

Two 2D gels were run simultaneously, both containing identical amounts of lysates of 

microdissected tumor from case U\ rw 

iron, case #1 . Or* gel was sdye, SIailled „„, me ^ w ^ 

PVDF membrane . ^ above . m westtm b]M ^ ^ _ ^ ^ 

«*ept antfcody 10 w „ „ ^ , wb ^ ^ ^ ^ ^ a 

antibody was purchased fr» Transduction ^ used a, a final ^ of , ^ 
Tissue Fixation/Embedding 

A male BALB C mouse was sacrificed Witt immediate ^ e5cjsta rf ^ ^ ^ 
Piece was embedded in OCT compound ^ Tet, Mdes, Elkhart. fN) a* mediate* fro2en 
" ond^ice. Two pieces were to d in 70% emanol containing ^ ^ 

Boehringer Matmheim Corp., tnditurapolis. IN) for 1 hour at room tempenaure. One of these 
pieces «, then embedded and blocked in paraffin wa, and me other in poly**, w 
(Gallard-Scrdesinger Induces, toe.. Cie Place, NY). For the polyester ra embedding th. 
*- wa, denoted in 90% ethano, a, 4- C for , to Mowed by 99% ethano, a, 4- C fo, , 
20 '-.^by^ed.a.ola.^tempe^^.^. Then the dssue w* Mltrated wid, 
50% polyesKr wax:em»o, a, 42- C fo, 2 .our, fo llowd by %% ^ ^. ^ ^ _ 
hour a, 42- C. Final,,, the dsaue is blocked win, 90% po^, w^ettano, m . ^ jce 
A separate piece of ,i rer was feed in ,0% neuda, buffered formalin and embedded and blocked in 
paraffin „». Eight micron thicic sections were « from each of the Mocks onto giass slides. 
25 stained with hematoxylin and eosin. and approximately 5000 celts (1200 .aser poises, were 

dissected by LCM. ^^fercapwimadachedcelis^^toanEppendorfrdbe 
containing 30 microliters of SD S Mfe to lyx „ ^ ^ fc ^ ^ 



SDS-PAGE. 
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Protein Profiles of Matched Normal and Tumor Esophageal Cells 

Protein profiles from rmcrodissected normal epithelium and tumor cells from two patients 
were analyzed by 2D PAGE (Figure 6). For the purposes of this study proteins were scored as 
-altered" only if there was a clear-cut Wf ■ difference between the comparison groups. No 
quantitative evaluation was made of the level of those proteins which were present in both sample 
groups and showed subtle differences in level, Immunoblot analysis of alpba-tubulin using a small 
aliquot of each sample was used to verify that equal amounts of total protein were analyzed from 

each dissection (Figure 6C). 

The overall protein profiles between the oomal-Bmor pairs were nig* similar. For 

exampie. the mic^nssecreo norma, epi-eUum •».«• « *- »« rf *» *— 4 

with the corresponding tumor (Table 2). 

Table 2 



15 



Case n Normal epithelium vs. Case tl\ 
Stroma _ 




525 (78%) 



20 



However, seventeen distinct differences were observed between the paired normal-tumor 
samples, 12 of wmch purred identically in both cases. The circled spots in panels A and B of 
Figure 8 show proteins which are either up or down-regulated in each tumor as compared to the 

was performed twit* and the results compared. One hundred percent of proteins were scored as 
identical in each duplicate run (results not shown). 
Protein Identification 

Two proteins, one overexpressed and *e other undere^pressed in both rumors, were 
se.ec.ed for fanner analysis » derermin. the feasibility of chaining identification of proteins 
derived from rlerodisseeud cel!s. Spots on ft. 2D gel marked were chosen for mass spirometry 
MS^S sequencing. A second 2D PAGE gel was mn e,cep. the gel - sained and analyzed with 
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^^^^^^^^^^^^^ 

Peaks in the ES1>MS spectra were easily distinguished by the impurities and the masses were 
conec.dhyusin.in^^^ Wi* th„ ^ m ^ ^ ^ 
MALD, or „ ^ . toge ^ of ^ ^ _ ^ ^ ^ ^ ^ 

Tne resuhs m reported m Tabfe 3 . By ^ fc aperteaai ^ ^ ^ ^ 
* e esaon prc^ * theory predMons , mu „. , e ^ _ ^ ^ ^ ^ ^ ^ 

P-ins.spannin.hroad^ons^prin^^o,^. ^^^^ 

in tumor was identified as cytokeratin i * n A tu~ 

cytokeraun 1, and the protem undepressed in tumors was identified as 

annexin I. 
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Protein ConTinnation - Immunoblot 

To confirm the mass spectromar, microdissected norma, epithebum and ™" 

samples from case « were subjected » » •** "l- 1 - -* i,,,nu,K * to, ^ " 

MM* direct *— • » - - ^ """^ '• 

i Figure 7 shows the results confirming n.o identity of the protein vm-reguk«ed in tumor as 
^keratin 1. The idemiry of me protein dowu.regu.aKd in rumor as annex* 1 was similarly 
confirmed (results not shown). 
Epithelium vs. Stroma 

T „ ensure the present approach is efficient at detecting prottin alterations beween 
i0 microdissected cei, popu.at.ons a region of stioma was microdisk a*i compare, to diss«ed 
^ epidtelium and tumor (Figure *>• »- •* • - -** 

ofctinc. from epithelium. Less than 25% (approximate* 150 of 675, of the owed proteins were 
scored as identic* betwe« me mo potations CTabie 2>. None of me 17 proteins which were 
altered in the normal epithelinm-tumor comparisons.were present in the stroma. 
15 Whole Tissue Sections vs. Microdissected Cells 

Samples from whole tissue sections prepared without dissection were analyzed by 2D 
PAGE and compared to microdissecfcd normal epimelttd and tumor cell populations fc. the same 

section, Ttoa^nv*^*™*^* 1 ^'™'*™ 
"" micron induced "Ji^m^i^^^i^^^^- ~ 
» fingerpmrs. I. also detennined me percenuge of proKins present ina nticrodisse«ed ceti 

popuhuion which could be reliabry identifted in the whole tissue section from which they were 
derived. Figure 9 shows the 2D PAGE comparison of die undissected whole tissue section and 
c^^g microdissected samples. All of the proteins in the 2D gel from the minted 
ceils, deluding tiose found to be differentially regulated in me rumor (circled), were visualized a, 

on proteins recovered from microdissected cells. 
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Validation and Extension to Other Cancers 

These same methods have been used on eight additional normal/squamous cell cancer of 
the esophagus ceUs sets. The results indicated that annexin I is absent in all carcinoma cells, bu, 
strongly present in the normal epithehum. Immunohistochemist^ experiments, as described above 

be absent as the cel, s become cancerous. The presently described techniques have also been 
extended to examine a possible role of annexin I in cancers other than those of the esophagus. In 
particular, experiments were preformed to determine if the level of annexin I was altered in 
prostate cane Using Western blot analysis and immunohistochemical assays, as described above, 
2 of the 3 prostate cancers were found to have completely lost the expression of annexin I, whi.e 
the third cancer had reduced expression, T^^^f^^^^^^ 
techniques to the elucidation of protein -^b.^tf^^^^ 
conditions (such as normal organ development). 

Previa sutdies of nttcrodissected cell population, have focused primarily on DNA and 
» -ecendv on analyses of messenger RNA, and have been aimed at iderttilying g™ genomic 
alterations, specific ga.es with minions, or mRNA levels. While these .flora have been 
successful and hold g™ promise for tallying macular profiles in normaj and diseased cells, 
they provide only partial information „ ^ ^ ^ ^ ^ 

genes. Efficiency of Nation. positional modifications, profcin phosphoryladon 
«e. pr^in-protein inunctions, and pMle „ ^ „ rf 

whichcan^tbestudiedhyDNA.dmRNAerlor,^. Prc*^ arises are retired to 
aodress these onesUons. Moreover, pre*!, proffling may more easily detect certain types of 
.Iterate mat, genomic or expression-hased approaches. for ^ a tnmor suppress* gene 
■nutation which results in proKiu trimcaion. Prefer,, lugn-througbpu, protein audies win be an 
important comport, of furore efforts to determine the mo^ar anatomy of norma, and diseased 



cells. 



Precise recovery of specifte eel! p* ulations from human tissue is technically challenging, 
parity when downstream moiecuUr applications reuuire « the order of tens „, tei mds of 
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cells, to this study, procurement of normal epithelium was the most difficult challenge. 
LCM-based microdissecUon was critical and allowed recovery of 50,000 normal epithelial (and 
tumor cells) with ahigh degree of purity in a reasonably short period of time and did not appear to 
damage or degrade proteins. Fifty thousand microdissected cells revealed approximately 675 
5 distinct proteins as visualized by 2D-PAGE stained with silver. Assuming the lower limit of 

detection to be one nanogram, the analysis identified proteins in the abundance range of 50,000 to 

1,000,000 copies per cell. 

Dysregulated proteins of high or moderate abundance will have sustained utility for basic 
research and clinical applications as they will be the easiest to detect, study, and monitor. 
10 However, proteomic studies of microdissected normal and tumor cells will also benefit from 
increased sensitivity enabling a larger percentage of the cellular proteins to be analyzed. 
Additionally, there are many microscopic, biologically interesting (and potentially clinically 
important) lesions which consist of less than 50,000 cells. In these circumstances, protein labeling 
with (for example) 125-1 labeling or biotinylation dramatically increases the number of proteins 
visualized from microdissected cells (data not shown). Similarly, scanning immunoblotting with 
class-specific antibodies allows for more sensitive detection of specific subsets of proteins, for 
example, all known proteins involved with cell cycle regulation. 

In some circumstances, the small amount of material analyzed is not ideal for obtaining 
highly sensitive protein fingerprints, and identifying proteins of interest. In such circumstances, a 
useful strategy is to produce parallel "diagnostic" and "sequencing" 2D gels from each case. The 
diagnostic fingerprints are derived from microdissected colls and provide maximal sensitivity for 
detection of normal-tumor differences. Sequencing fingerprints then allow for determination of 
protein identity. The sequencing 2D gels are generated from serial, whole tissue section cryostat 
recuts which contain abundant amounts of protein representing all cell types present in the tissue, 
25 including the dissected cell populations). Alignment of me diagnostic and sequencing 2D gels 
permits determination of proteins of interest for subsequent mass spectrometry or N-terminal 
sequence analysis. This technique successfully visualized and aligned all 675 proteins present in 
the microdissected tumor cells from case *l in the corresponding whole tissue section 2D gel. Two 
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of tie — I- were seta* for subsequent mass ^ ^ 

cotoau, , ( „v. raprKS ed, and —a, , (undere^,. a, ^ of ^ praelm was 

eoafteed by immunoblo,. ^ ^ ^ ^ ^ ] ^ ^ 

previously reported to be dysregulated in epilbeUal tumors. 

I. is therefore advaaageous. in some embodiment, ,o compare matched norma, and rumor 
cens from th. same patient, of me seven proteins f^d ,„ „ do^ao* 
were observed unique,, i„ me norma, epitheta of case ,1, and one was present uniquely in case 
n. These protems are -pate-speciflc- a* won* no, have bee, identified if . ^ reference 
norma] sample had been used as comparator for me tumors. TWore, direct mtrapaiien, 
comprise* of norraal.,umor p*rs is advauageous to ensure detecdon of ai. protein Nations 
which occur durinsrumorigenesis. M^smcelMeiskr^ofrhesirnilariuesand 
differences in protein profue, from person to person, the present invention can be used to provide 
interpatien. analyses of bom norma, and diseased ceUs „ be,p reveal parent-unique protem pro* 
related to disease suscepdbifity or progression. 

The esophageal specimens urUized in uus study were frozen in liquid nitrogen shordy after 

often used for mCecular amuyses „, us« do, „ m. reMvely high quality DNA, RNA, and 
proteins which can be recovered. Tisrue prccesred thrcgh standard formalin fixation and paraffin 

the prolonged exposure to elevated temperatures during embedding. 

In summary. 2D-PAGE protein profiles and subsequent deterniinatta, of the identity of 
selected proteins is possible from microdissected cen populous, and is uniquely capabfc of 
detecung disease-speciflc alteraUons. These techniques and maneges can determine the 
abundance and status of proteins „ „vo for smdymg normal ceHs and thei, associated pad,ologi K 



WO 00/49410 



-27- 



PCTAJSOO/04023 



EXAMPLE 3 

r ^tive Protein Analysis on^ ^^^m -m^ -* 
- — K PrAstate Cell Lines 
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Patients and Tissue Samples 

Tissue from prostate cancer patients undergoing radical prostatectomy at the Clinical 
Center of the National Cancer Institute (Bethesda, MD) and at the Mayo Clinic (Rochester, MN) 
was used. Tissue from the peripheral zone of the prostate was procured, immediately snap frozen, 
and stored at -80° C. Matching normal and tumor cell lines were prepared from the prostatectomy 
specimen obtain at the NCI and immortalized as described by Bright et al., Cancer Res. 57: 995- 
1002 (1997). LnCaP and PC3 cells were purchased from the American Type Culture Collection 
(Manassas, VA). Microdissection was performed and the cells were prepared for 2D-PAGE 
analysis as described above in Example 2. 2D-PAGE gels were done using alpha-tubulin to 
normalize the sample load, as described in Example 2. The anti-alpha tubulin antibodies, used at 
1:1000, and HRP-coupled rabbit anti-mouse secondary antibodies, used at 1:10,000) were 
purchased from Sigma (St. Louis, MO). Blots were washed using conditions described above and 
ECL substrate (Amersham, Piscataway, NJ) was added for chemiluminescent detection via 
autoradiography on Kodak Bio-Max film. For PSA, anti-PSA antibodies were purchased from 

- Scrips Laboratories, San Diego,_C A). 

Protein Profiles of Matched Normal and Tumor Prostate Epithelial Cells Analysis of me 
microdisk cells from two different cases revealed approximately 750 distinct proteins as shown 
by silver staining. Altered proteins were scored as discussed in Example 2 and the results are 
reported in Table 4. Twelve total proteins were altered between the normal and tumor prostate 
tissue. Two proteins were exclusively 

expressed in the normal cells of both cases. Three other proteins were uniquely expressed by 
normal cells from one case, while an additional protein was uniquely expressed by normal cells in 
the other case. These results confirm the ability of the present methods to make meaningful 
comparisons between the protein content of microdisseeted cell samples. Other proteins were 
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° VereXPrCSSed ^ — * « - was conned by immunoblot t0 ^ PSA 
Corson was alsomade between epical ands.o.al ceUs, where ,ess ^ 45 % of the 

stroma cell types in various tissue types. IT* six altered , 
epithelial specific, indicating that the alterations 



cells with stromal cell populations. 



i proteins in the epithelial cells were all 
seen were not due to contamination of the normal 



Table 4 



Normal prostate epithelium v* t,,n^ r 

Normal prostate epithelium vs. normal 
stroma 



ft Protein Alterations 
12 (1.6%) 



412(45%) 
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Comparison to Prostate Cell Line Protein Expression 

Todetern^ifmeprotempromesfromprostatecanc^^ 
Prostate cancer in vivo, lystates of ceUs cultured in vitro were subjected to 2D-P AGE ^ fte 

2D-P AGEpattern of ^ LnCaPandPCS.were first compared to .epattem of 

alterations in expression, immunoblots were done using PSA as a test molecule. PSA was not 

quantitative and optative ^ges m cell expression when comparmg immortai a,d m ^ 

a cell line developed from those tumor cells shows substantial alterations m protein expression 
rntsobservaUonmea.atl^^ 

^^^^^^^^^^ 

immortalization process. 
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EXAMPLE 4 

r^rartPrization of PSA Prnteins in Tumor and Nontumor Cell Samples 
LCM of benign and malignant epithelium 

Frozen tissue was obtained from radical prostatectomy specimens and embedded in OCT 
compound (Tissue-Tek, Miles, Elkhart, IN). Eight micron sections were made with a standard 
cryostat and stained with hemotoxylin and eosin using standard protocols. Benign and malignant 
histology was identified by a pathologist and LCM was performed to obtain cells from each 
population by directing the laser at those populations of cells. LCM was perfomred as previously 
described, except AEBSF (Boeringer Manheim) was added to the staining baths at a final 
concentration of 2 mM to inhibit proteases. For 1-dimensional and 2-dimensional electrophoresis 
analysis 2,000 (approximately 8 - 10,000 cells) and 5,000 (approximately 20 - 25,000 cells) 30 
micron laser shots of each cell population were used, respectively. Based on careful review of 
15 histologic sections each dissection is estimated to contain > 95% of desired cells. 
Western blot analysis of intraceUular PSA 

For ID PAGE analysis, 2X SDS buffer was used to lyse cells direcdy from the EVA film 
(from the LCM cap) and the lysates were run on 20% tris-glycine nondenaturing gels and 
transferred to a nylon membrane using the Novex system. A murine monoclonal antibody 
»~~ purchased torn * * concentration^ 

1:1,000 and a murine horseradish peroxidase tagged antilgG antibody from Sigma was used as the 
secondary antibody. The ECL reaction was generated by the ultra-ECL from Pierce. Purified free 
PSA and PSA bound to ACT purchased from Scripps were used as controls. For 2-dimensional 
electrophoresis (2D PAGE), 1EF buffer (7M Urea, 2M Thiourea, 4% CHAPS. 1% MEGA-10, 1% 
Octyl-b-Glucopyranoside, 40 mM Tris, 50 mM DTT, and 2 mM tri-butyl phosphine (TBP) and 
0.5% (v/v) Pharmalytes) was used to lyse cells off the EVA fill and the lysates were used to swell 
pre-cast immobilized pH gradient strips (18 cm, 3-10 non-linear from Pharmacia) overnight. First 
dimensional separation was performed for a total focusing time of 120 kVh. The strips were 
re-equilibrated with a solution containing SDS and Tris PH 6.9, reduced with DTT (50 mM), 
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alkylaed with icdoaaemide (2.5* „/,), and direaly mM I0 a „ ^ ^ ^ 

electrophoresis overnight a, 40 volts consau, volIag , ^ wB ^ ^ ^ 

mentbrane and western bl« „ rfonMd ^ prevtasly ^ ^ ^ f ^ 
cryostat sections containing both malignant and benign epithelium were suspended in EF buffer and 
5 analyzed by 2D PAGE and western blotting as just described. 
PSA/ACT binding studies. 

Malignant and normal prostatic epithelium were dissected using LCM and lysis buffer 
(containing protease inhibitors and ,00 mM NaCl) was use, to lyse the cells off of the EVA film 
and solubilize the protein. One microgram of purified ACT (purchased from Scripps) was added to 
10 10ul of lysis buffer cont^g 2,000 laser shots (approximately 10,000 «** of norma, or 
malignant epimelium and incubated for 2 hours at 37»C. 
Results 

PSA is a serine protease that is prodded as an inactive zymogen and then activafcd by 
release of a signal peptide of 17 amino acids Mowed by liberate of a 7 amino acid propeptide 
.5 The caalyUcan, acdve form of PSA is high,. e ^ yM whh , molecuar mass of ^ 
30 ltd. Although i, has been shown that P SA is consUtuitively produced in LnCaP cells, the 
relative proportion of pr. and process* forms of FM within uncultured pros** epithelium has 
»o. been reported. Furthermore, the sit. at which PSA binds to ACT is also not known. In order 
.» answer these uuestions, anti-PSA west*. No, analysis was performed on cellular lysates from 
20 LCM derived norma! and malignant epithelial ceUs, which revealed a band a, 30 M (Figure 10). 
mese results were highly reproducible in several cases and demonstrate tha, , majority „ f 
fctracelMar PSA exists as a 30 kd form. Tnis finding suggests that PSA oh* to ACT within 
enher me earaceltalar space or the se™„ and M , intraceDularly. ITKt^abumtanceofcelhdar 
PSA varied such that in some cases the malignant cells conuined more PSA while i. „„„ cases 
25 *e benign colts coruained more PSA. This variability of taracellular PSA levels within bod, 
formal and malignant prostatic epithelium is consistent win, previous reports. 
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Binding Experiments 

TO ***** whether *• » M *"* "<™ m te *~ ^ " Perf0nKd 
exr.rimems ,0 determine if * — ** to ACT. As shown in Figure 11, the majority of celular 

kd form represents active PSA but does not explain way serum percent free PSA is .owe, in men 
with cancer. Although the PSA found intraceUularly in normal and mtuig- epithelial cel,s 

do not aiter panems on ID PAGE gels ma, have been missed by this investigate methodology. 
Therefore. 2D PAGE w* performed on cellular iysates from LCM derived tone. As can be m 
m Ftgure 12A, three disunct 30 U PSA isoforms similarly exist in benign and mahgnan, epnheliai 

grycosylated. because this would be reflected in a change in isoelect* focusing point on a 2D 

Wesfcrn Furthermore, mm of *- *- - • *^ * "* 

s h*ea» remained intact under redoing condiooas. Tne fact that the purified PSA/ACT complex 
^ intac, under the reducing conditions (Figure .2B> .-Hates m the findings demonsh-aed 
in Ftgure 11 are no. an artifact of 2D PAGE. In addition, whole tissue fro»n sections were 
^ <th>, n* »« exposed ^) — g bo* benign and maligna, epuhelium to 

"^tratetlra^ 

These experimenu show that PSA made in normal and malignant prostatic epithelium does 

that differences in serum percent free PSA levels are not the result of altered ACT production by 

malignant prostatic epithelium. 

EXAMPLE 5 

h!}sm ^««. FWemrittts tor T^^Ssmm£^m 

To assess the reproducibility of the pr«ein fingerprint general by SEU>i. two separate 



WO 00/49410 



-32- 



PCT/US00/04023 



10 



15 



20 



25 



^^y^^^^c^ .and^fromfi^tissuesections 
AEBSF (Boeringer Manbeim) was added to the staining batlB a! a final concentration of 2 mM to 
^~»----^ fcll ^ |l!llcll . l , 1Ilfc ^ i|jii(k 

(Sigma. S, u*. MO), » (w/v) MEGA ,0 aCN, Aurora, OH,, and , « <w,v> 

-W**™* <ESA, Oxford, MA) in a slandard IX PBS base. SELDI analysis was 
Pe*rmed usin, an alipfctic reverse phase chip ^ ^ ^ ^ ^ ^ 

*ip werepretreated wim 2 „ of ^ ^ fc ^ ^ ^ ^ ^ 

— u. grated. 2 0 f the ^ was ^ K ae ^ ^ ^ 

was aliowed to concentrate by air d*ng folfcwed by fc „„_, _ rf 

S^o^ynroxvcn^nic acid (acinic acid, «. Siem , s , ^ MQ) „ fc 
absorbing molecule of choice for all experiments in this study. 

^resmtsoftbise^^ .3A, are dispUyed m n™ ofsevera, poss^ 
format, offered by me SELDI soft™ analys, package. rue ^ „ , ^ 

*— mass map with the respective ^ weight range ^ M fc ^ 
Each-pcak-repre^.p^m^^,^^^ 

~- * a Gel-Wdisplay w^c. takes the pea, data from the mass-map chroma^ 
and presents the data as if one is looking at a standard ID PAGE gel 'sumed- for p,«e te wilh 
- tnolec^lar wetgh, ranges display* a, me same sea,, as that seen in me ch^matog^m fc 
protein profiles o f me .ysates of separa* micros regions ^ ^ ^ m ^ 
— . These r«m B .dice that reproducible prcem profdes are genera from LCM^rived 
ceas. Sin* experimems were repeaed several times wim identical ro* (data no, sc.™, 

To assess the reproducing a* kmmmtf „ ^ ^ ^ ^ 

- - «. fctween patient, p^c rumor epiutellum from W „ different p^ (Case , _ 
Case 2) was dissected (1200 cells per dissection) and analyzed as above. Tnes. resul B are sh™ 

by both massmapping and Gel-View- display in Figure 13B »r>« c .u . 

pwymi ^ eI3 «> and show that the protein fingerprint 
generated from case 1 and caw f u;m „ . 

and case 2 « highly reproducible. Similar results were obtained with 
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multiple samples from the two cases (data not shown). The minor differences in protein expression 
patterns observed between case 1 and case 2 were no more variable than that seen between 
microdissections from the same case (data not shown). 

To assess the relative sensitivity of the SELDI instrument in the detection of protein 
5 profiles from LCM-acquired cells, four separate microdissections of decreasing numbers of 

prostatic tumor epithelium were isolated and the resulting lysate subjected to SELDI analysis using 
the reverse-phase aliphatic chip as above. The results shown in Figure 13C in Gel-View» display, 
^icate that a protein profile from as little as 450 cells can be visualized, and that the spectra is 
comparable to that seen from 1500 cells. The mass maps from fewer numbers of cells (300 and 
10 150) gave less reproducible results, reflecting microheterogeniety in protein expression from region 
to region in the same tissue section, or indicating that such lower numbers of cells may not provide 
the most optimal results when assessing complex protein mixtures from small numbers of cells 
(data not shown). As a control for each experiment, lysing buffer alone, or LCM with a blank 
glass slide were analyzed. Each produced a flat baseline SELDI spectra (data not shown). The 
15 Gel-View" display normalizes the relative intensities of each separate spectra and does not reflect 
what was seen in the mass map; that is, as the total number of cells decreases, so does the relative 
intensity of the peaks seen (data not shown). The results using a range of cell numbers indicate that 
the relative intensity of the peaks may be proportional to the number of cells, the relative fidelity of 
the spectra is not altered when studying the protein fingerprints of 450 cells to 1500 cells. 
20 For the purposes of these studies only the molecular weight range of 15 kDa to 70 kDa 

were analyzed, although the SELDI has a practical resolution and detection working range of 1000 
to 300,000 daltons depending on the energy absorbing molecule utilized and me bait surface/wash 
conditions employed. Western blot analysis of LCM derived cells in our laboratory using anti 
alpha-tubulin as a housekeeping marker for a protein expression reference standard indicated that 
25 procurement of cells by an equal number of laser shots generates a nearly equivalent (+/- 5%) final 
protein yield (data not shown). 
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Discriminatory SELDI analysis of different tumor types 

A practical application for both clinical and research studies utilizing SELDI fingerprinting 
of LCM-acquired cell populations would be to develop diagnostic fingerprints which are 
disease-specific and organ-specific. To assess the feasibility of this concept, we tested the ability of 
5 SELDI to discriminate between tumor epithelium from prostate, breast and colon tumors from 
different patients. Twelve-hundred cells were analyzed as described above, and the resultant 
spectra are shown in Figure 14A and B. Each tumor type shows a unique fingerprint, Ulustrating 
the wide range of protein differences mat occur in epithelial cells from different solid tumors types. 
Novel insights into the protein expression patterns between different types of tumors could aid in 
10 me development of new treatment strategies, or the choice of the best strategy. Diagnosis and 
prognosis from the limiting amounts of cells generated by fine needle aspirants or sentinel node 
analysis could be achieved very rapidly if a tumor-specific or grade-specific profiles could be 
generated and used as a template. 

SELDI protein fingerprinting of colon cancer with liver metastasis 
15 The ability to assess changes in protein expression occurring during tumor progression will 

aid in the elucidation of the fundamental mechanisms underlying carcinogenesis in patients. To 
investigate the potential of SELDI analysis of LCM derived cells to study this process, we analyzed 
the colonic normal epithelium, primary cancer, and hepatic metastasis from one patient. As a 
comparison, we analyzed the normal liver cells, which were microdissected from the same case. 
20 The results are shown in Figure 14C, and show that a normal epithelial cell and tumor epithelial 
cell-specific fingerprint can be identified. 

Additionally, the protein profile from the colon tumor that had metastasized resembles the 
colonic epithelium, regardless of tumor or normal cell state, and not the liver cell protein profile. 
Importantly, the cells from the metastasis have their own distinct protein fingerprint. This 
25 uniqueness may arise from the fact that the metastatic tumor has changed its expression profile as a 
result of its new environment, or it may reflect protein expression changes that enabled the cells to 
metastasize, or a combination of both. A direct application of this type of analysis would be to 
Identify protein profiles of primary tumors which predict that a tumor has likely metastasized 
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^ a need for more ao-sive patient — - " - -* « 

^ (Pi^ 14A), one can see that the fingerprint most closely — - - - ~- 
^esso, n^^-or^AP^aPP^of^^^^-^^ 

g eneraOon or protein ftW - - organ-specific so that metastasis of un*now. origb, 
^^^-n^toaP^or^^SeeP^e^oran^eor.^ 

of fingerprints that could be used. 

^ re* W- ft. SELW analysis of IXNWerived cells can be achieve, with a 

^•.ft.^^-^^* - '^" - ~ 

direct* from patient tissue. We were able to, for the ft. time, vis*e diseas,specif.c protein 

eha.ges occurring in defined pat^-ntatcbed cei.s direct., from tissue scions. 
Evaluation of Cancer Disease Progressioii 

NmM , pre-nvaH^ prostatic i«raepi«a, neoplasia <P,N> and fr-y invasive cancer 

, „*-^-~*— *--- -l -- tf, -" l "" d,,, ~ 

^f.gerprint^.asdiscnsseda.ve. ^ ^arisons ^ ^ade -een proteins 

having molecular weights of and 32,000 Da>tons, were found to be reprrfucibl, 
"diffe^ 

2o invasive. The results are disclosed in Figure 17A, 17B, and 17C. Inpart*. *e relaHvera*. 
^onoffnese^oprceu.canbe — W »« s»« of toe cell and is reproduce in 
ceases analyzed. Al^ugh ^ is » e^ sn^l s»rnp.e set, Uus e^n, does 
the «» of *e present teennioues to analysis o, the progression of a ce» sample to 

cancer. 

25 Extension to Other Cancers 

Ttee same methods have been eaended to determine the presence of protein 
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poms for eact protein peak anaiv,.rt n. 

peak anatei. ■ ttcnallam h ^ ^ ^ ^ 

EXAMPLE 6 

r^e ^ for High-Tliroiighpot Tafget ^ ^ ^ ^ 

Interaction Assay 

^^^P-ta^of^eeU^a.^a^^,,, 
... J . J ' wnue Wro administration 
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effects on cells, such as cytokines. After exposure, nucrodissection techniques are used to isolate 
*e cells of interest from "the sample, the cells are lysed to allow isolation of the proteins or other 
cellular components, such as nucleic acids or other subcellular structures, from the sample, and the 
, y sate contents are transferred to a confined zone of a substrate. The iystate contents, or cellular 
components, are placed in identifiable positions on a substrate, where such positions are confined 
zones. Oneexampleofaconfmedzoneismecoordinatesofan^ The array is constructed by 
applying microspots of the isolated proteins on any suitable matrix, such as nitroceUulose, nylon, or 
silica. 

Refering to Figure 19, the microspots are arranged on the matrix in any manner that 
produces meaningful data. The micropsots can be placed on the matrix using, for example, a 
n.cropipette, and examples of the substrate include a glass or plastic slide, a section of embedding 
m edium,oranitroceUulose matrix. toc***^**^**^*** 
dimension by patient number and in me x-dimension by a criterion for categorizing the various 
samples obtained, such as by stage of malignancy. Other alternative criteria include before and 
after treatment samples, various cells types, such as epithelial and stromal, or stages of 
development for embryonic samples. The microspots are then subjected to some type of analysis, 
for example, to determine if an amount «tj^v^*^.~^~*** 
probing with an antibody as the binding agent. Alternative analyses include probing with other 

20 display screemng. A consistent alteration in the cellular content of a protein is then correlated to 
exposure of the tissue or cells to the agent of interest. 

The matrix can be a general capture matrix, such that all isolated proteins from the sample 
are present, or embedded with a specific binding agent that womd result m me maintenance of only 
proteins of interest. In mis embodiment, the microdissected proteins in a soluble form can be 
25 labeled, for example with a radioactive or fluorescent tag. and capture by the binding agent is 
detected by the presence of the label. Alternatively, the protein spots themselves can act as a 
bmdmg agent or att^ 
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By using samples *» ^ ^ fc ^ ^ graKr ^ 
Actively, . ^ numbe , of ^ _ ^ ^ ^ ^ 

— — p-*— .-.^^ mh a ^ e h b ^ to 

view the sained te ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

o^restforfcnheranalys, .^^^^^ 
records of the slide image. 

Additionally, „ „ „ ^ fc ^ ^ _ ^ _ ^ 
— Compaq of me ^ obsined frm fc ^ m k ^ ^ ^ 

tissues of the patient's body. Thus, any variation ia individual patient protein composition, or any 
*« effect a thermic may „a Ve , . „ ^ ^ ^ ^ ^ ^ ^ 

°*er possible controls include known protein mixtures applied to the matrix in spots or W 
each spot with a positive control. 

A schematic drawing illustrating a sample tissue arrav tw „ ■ ■ 

s -mpie tissue array for exammmg protein content of 

.reast^o^^pa^is^inp^,, .n d* il^me tissue from 
-I* Pa*nts is used . examin, th. cffecl of , ^ ^ ^ ^ _ 

^"^^^^^.^^.^.^^ 

— invasion. Uese tissues are micrc^sected r™, a tissue spec*™ us,, ^ ^ 
or me sensiuvi* o f m ^ ^ ^ ^ ^ _ ^ ^ ^ ^ 

pathways in each stage subset can be obtained. 

An addfciona, application o f Ussne „ay technology to the rnethods of d» present invent 
ts the use of the protein content assay to preset vario us tfcsue types f or the targe, „ ^ 
« therapeu* moienes. fn m* embody a merapeudc or diagnostic a,.., is being evaluated 
.or . appropria^ness in a patient, treatment. „ „ ^ „ „. ^ „ ^ ^ ^ ^ 

^o^^.invariousc.^^pauenteaube.sted. T*u, „«ng the breasttissue 
of Figure 19 as an example,' if it was Questionable whether a target enzyme for a cbemotherapeutic 



WO 00/49410 



-39- 



PCT/USOO/04023 



agent was present in a particular patient's cancerous cells, the samples are generated and placed in 
an array as illustrated. Then an antibody or other means of identification of the target is used to 
determine if the target agent is present. This allows diagnostic, imaging, or therapeutic agents to 
be specifically selected for patients or disease types based on the presence of the target molecule in 

5 the diseased tissue. 

To prepare a comparison assay between a tissue sample and the results of an array 
analysis, tissue may, for example, be preserved by fixation in 70% ethanol and embedded in a 
paraffin block. The paraffin block is cut in 5 to 10 urn sections and mounted on microscope slides. 
The tissue on these slides is deparaffmized by placing the slide in room temperature xylene for 5 
10 minutes, followed by xylene heated to 70»C for 5 minutes. The slide is next placed in acetone for 
10 seconds, Diff Quick Solution II (Dade Behringer) for 5 seconds, and acetone for 10 seconds. 
The stained slide is allowed to rinse in xylene for a minimum of 30 seconds to dehydrate. 

Cells of interest are dissected from the slide by LCM using the PixCell II (Arcturus 
Engineering). Using the 30 pm spot size, 3000 laser pulses are fired to collect cells from a 
15 subcellular structure of interest, and the cells are embedded in a thermoplastic polymer film 

supported on a plastic cap. An extraction buffer consisting of one part SDS sample buffer (Novex) 
with 4% BME and one part T-PER (Pierce) is heated to boiling. A 40 fd aliquot of the hot 
extraction buffer is added to a standard 500 ,d microcentrifuge tube. The cap containing the tissue 
embedded on the thermoplastic film is inserted into the tube and inverted to allow the extraction 
20 buffer to cover the tissue. The inverted tube is vortexed for 20-30 seconds to aid in the disruption 
of the cells and release of the cellular components. Still inverted, with the buffer flooding the cap 
surface, the tube and cap assembly is placed in a 70»C incubator for overnight incubation. After 
the incubation, the tube is once more vortexed in an inverted position, after which it is turned 
upright and centrifuged for 10 seconds. Dilutions are made from the resulting lysate using T-PER. 
25 A minimum of 10 pi of lysate or dilution is placed in the bottom of a well of a 96-well round- 

bottom microtiter plate. 

This plate is positioned on the stage of Genetic Micro Systems 417 Arrayer. Oncyte 
Slides (Schleicher & Schuell) covered in pure nitrocellulose are placed in the appropriate positions 
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which it is exposed to x-ray film. Representative results using this system for analysis of the 
content of prostate soluble antigen in prostate tissue is shown in Figures 20B and 20C. 
System Two 

The second illustrative example uses the DAKO Autostainer Universal Staining System 
(DAKO Corporation, Carpinteria, CA). This automated slide processing system uses a primary 
antibody followed by the addition of a patented horse-radish peroxidase labeled polymer (DAKO 
EnVision™ System). This is an example of a colorimetric-detectable labeled antibody. The 
prepared Oncyte slide is blocked in I-Block (TROP1X, Inc.) for a minimum of 1 hour. The DAKO 
Autostainer is programmed with the incubation times and volumes of the reagents to be dispensed 
on the slides. The nitrocellulose slide is washed with a Wash Buffer wash (prepackaged by 
DAKO). The primary antibody, diluted as specified for the antibody being used, is applied in the 
predetermined amount of 600 ,1, and allowed to incubate for 30 minutes. At the end of the 
incubation, the slide is washed with 600 ,1 of the Wash Buffer. This step is followed by the 
addition of the HRP labeled polymer for 10 minutes, followed by washing with the Wash Buffer. 
The substrate is. added to the slide and allowed to sit for 5 minutes, followed by a final wash, and is 
.hen allowed to dry for optimal visualization. The positive results are visible staining of the spotted 
proteins on the slide. Representative results using this system for analysis of the content of prostate 

soluble antigen (PSA) in prostate tissue are shown in Figure 20A. 

^ et . ssuearraymethod fM ^yzing protem content of small sample sizes is very 

reproducible, even when applied to very small numbers of cells. Experiments to examine the 
reproducibility of the technique were done using five separate slides of normal esophageal tissue, 
and detection for annexin I was performed. The size of the samples varied in the number of 
microdissection -shots," from a high of 500 shots to a low of 16 shots. Samples of varying cell 
numbers were collected, the proteins were isolated as described above, and the isolated proteins 
were placed on a matrix of nitrocellulose paper. Using standard Western techniques, the 
nucrospotted proteins were probed using the antibody systems described above. The results of 
these tests are diagrammed in Figures 21A, 21B. and 21C. Figure 21A indicates that the results 
from each data set (average of triplicate results for each slide) remains consistent within the set. As 
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is expected, the amount of variance increases with the smaller number of "shots" included in the 
sample. However, as indicated graphically in Figure 21B, the results for multiple samples 
containing as few as 125 shots varies only by 18%. These results indicate that this method of 
analyzing protein content of small tissue samples is reliable. The results shown in Figure 21C also 
support this conclusion and indicate that the relative value between the various series remains 
generally consistent between samples of varying numbers of shots. In summary, the results 
indicate that decreasing the number of "shots" in a sample affects only the quantitative, not 
qualitative, character of the results. 

Example results of method of present invention where the binding agent has been 
Mobilized, and the ell lysates placed in contact with the immobilized agent are show, in Figure 
22. In this experiment, lysates from microdissected normal and tumor esophageal cells were 
labeled with biotin. An array of binding agents, including anti-annexin I, anti-alpha tubulin, anti- 
Phospho ERK, and mouse IgGl, and normal rabbit serum were placed on nitrocellulose paper. 
Biotin labeled lysates were placed in contact with the binding agent arrays, and the interaction was 
detected by avidin-peroxidase. As shown in Figure 22, the tumor lysates contained a reduced 
concentration of annexin I, and an increased concentration of phospho ERK when compared to the 
normal cell lysates. 

It is understood that the invention is not limited to the specific embodiments shown and 
described, but changes or modifications can be made in the embodiments without departing from 
the contemplated scope of the present invention. 
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We claim: 

1 . A method of analyzing the protein content of a population of cells from a tissue 

sample, comprising: 

a) extracting the population of cells from the tissue sample using laser 

5 capture microdissection; 

b) isolating a protein sample from the extracted cell population; and 

c) analyzing the isolated protein sample. 

2. The method of claim 1 wherein isolating the protein sample comprises 
solubilizing the extracted cell contents in a small volume of a buffer comprising at least one 

10 detergent to solubUize the cellular lipids, at least one proteinase inhibitor to preserve protein 
content and function, and at least one salt to lyse the nuclear contents. 

3. The method of claim 2 wherein the small volume of buffer is about M to about 

15 fil. 

4. The method of claim 1 wherein analyzing the protein sample comprises 

15 performing a soluble immunoassay using a labeled antibody specific for a protein of interest. 

5. Themethodof claim 4 wherein the labeled antibody is labeled with a marker 
selected from the group consisting of colorimetric-detectable, chemUuminence, fluorescence, and 
radioactivity. 

" A~methodof quanu r fytag^ 



6. 

20 cells, comprising 



a) extracting the population of cells from the tissue sample using laser 

capture microdissection; 

b) isolating a protein sample from the extracted cell population by 
solubilizing the extracted cell contents in about 1,1 to about 15,1 of a buffer where the buffer 

25 comprises Tris-HCl, NP-40, sodium deoxycholate, sodium chloride, EDTA, aprotinin, leupeptin, 
sodium pyrophosphate, sodium orthovanadate, and AEBSF; and 

c) performing a soluble immunoassay using an antibody specific for a 
protein of interest in the protein sample, where the antibody is labeled with a marker selected from 
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20 



7 

(PSA). 

8. 



The method of claim 1 wherein analyzing the isolated protein sample comprises: 
a) performing a one dimensional polyacrylamide gel electrophoresis (ID PAGE) 
or two dimensional polyac^lamide ge, electrophoresis (2D PAGE) to separate proteins from each 



other; and 



b) former analyzing the proteins using a protein specific dye or Western blotting 
with a labeled antibody specific for the protein of interest. 

9. The method of claim 1 wherein analyzing the protein sample comprises 

a) performing a two dimensional polyacrylimide gel electrophoresis (2D PAGE) 
to separate the proteins from each other; 

. b) isolating a protein of interest from the gel; and 
c) detennining an amino acid sequence of the protein of interest. 

10. The method of claim 9 wherein the sequence is determined using a method 
selected from the group consisting of N-tennina. sequencing, mass spectrometry MS-MS 
sequencing, liquid chromatography quadrapole ion trap electrospray (LCQ-MS), and matrix 
assisted laser desorption/time of flight analysis (MALDI/TOF). 

11. The method of claim 1 wherein analyzing the protein sample comprises 
performing surface enhanced laser desorption ionization s^troscopy (SELD1) to prepuce a protein 
fingerprint for the cell population. 
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12. The method of claim 1 wherein the cell population is microscopically identifiable 
as a tumor cell. 

13. A method of characterizing binding properties of one or more intracellular 
proteins of a population of cells, comprising: 

5 a) extracting the population of cells from the tissue sample using laser 

capture microdissection; 

b) performing a one dimensional polyacrylimide gel electrophoresis (ID 
PAGE) or two dimensional polyacrylimide gel electrophoresis (2D PAGE) to separate the proteins 
from each other; 

10 c) removing at least one protein of interest from the gel; 

d) further analyzing the protein of interest by incubating the protein with a 
known or putative binding partner for the protein of interest; and 

e) determining whether the protein of interest binds to the known or 

putative binding partner. 

15 14 . The method of claim 13 wherein the protein of interest is PSA and the known 

binding partner is alpha- 1-antichymotrypsin (ACT). 

15. A method of differentiating a protein content of several populations of cells of a 

tissue sample, comprising the steps of: 

20 directly from one or more tissue samples using laser capture microdissection; 

b) isolating protein from the extracted cell populations; 

c) analyzing the isolated protein; and 

d) comparing a protein content of the first cell population to a protein 
content of the second cell population to identify the differing content. 

25 16- The method of claim 15 wherein isolating protein comprises solubilizing the 

extracted cellular material in a small volume of a buffer wherein the buffer comprises Tris-HCl, 
NP-40, sodium deoxycholate, sodium chloride, EDTA, aprotinin, leupeptin, sodium 
pyrophosphate, sodium orthovanadate, and AEBSF. 
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17. The method of claim 15 wherein the small volume of buffer is about 1 M I to about 

15 /J. 

18. The method of claim 15 wherein analyzing the isolated protein comprises 
performing a soluble immunoassay using a labeled antibody specific for a protein of interest 
wherein the assay is calibrated to indicate the amount of the protein of interest present in the ceO 
population. 

19. The method of claim 15 wherein the immunoassay is of high sensitivity and the 
labeled antibody is labeled with a marker selected from the group consisting of colorimetric- 
detectable, chemiluminence, fluorescence, and radioactive labels. 

20. The method of claim 15 wherein analyzing the isolated protein comprises: 

a) performing a two dimensional polyacrylamide gel electrophoresis (2D PAGE) 
to separate proteins from each other; 

b) isolating a protein of interest from the gel; and 

c) detennining an amino acid sequence of the protein of interest. 

21. The method of claim 20 wherein the sequence is determined using a method 
selected from the group consisting of N-terminal sequencing, mass spectrometry MS-MS 
sequencing, liquid chromatography quadrapole ion trap electrospray (LCQ-MS), and matrix 
assisted laser desorption/time of flight analysis (MALDI/TOF). 

22. The method of claim 15 wherein analyzing the isolated protein comprises: 

a) performing a one dimensional polyacrylamide gel electrophoresis (ID PAGE) 
or two dimensional polyacrylimide gel electrophoresis (2D PAGE) to separate protein fractions 
from each other; and 

b) further analyzing the protein fractions using a protein specific dye or Western 
blotting with a labeled antibody specific for a protein of interest. 

23. The method of claim 15 wherein the first population of cells and the second 
population of cells are from the same tissue sample and the first population is microscopically 
identifiable as tumor cells and the second population is microscopically identifiable as normal cells. 
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24. The method of claim 15 wherein the first population comprises several 
subpopulations wherein each subpopulation is microscopically identifiable as cells at different 

stages of tumor progression. 

25 . A method of comparing the protein content of a first population of cells 

5 microscopically identifiable as tumor cells to the protein content of a second population of cells that 
are normal wherein both populations of cells are extracted from the same tissue sample, the method 
comprising: 

a) extracting the first and second populations of cells from the tissue sample 
using laser capture microdissection, in which a laser targets the first and second populations as 

10 microscopically distinct and separates them from a larger microscopic structure; 

b) isolating a protein sample from each extracted cell population by 
solubilizing the extracted cell contents in about l#d to about 15 /d of a buffer where the buffer 
comprises Tris-HCl, NP-40, sodium deoxycholate, sodium chloride, EDTA, aprotinin, leupeptin, 
sodium pyrophosphate, sodium orfliovanadate, and AEBSF; and 

15 c) performing a one dimensional polyacrylamide gel electrophoresis (ID PAGE) 

or two dimensional polyacrylamide gel electrophoresis (2D PAGE) to separate proteins of the 
protein sample from each cell population; 

d) further analyzing the separated proteins of each cell population using a protein 

s^cific dye oFWe^ 

20 e) comparing a protein of interest content of the first cell population to a protein 

of interest content of the second cell population. 

26. A method of comparing the protein content of a first population of cells 
microscopically identifiable as tumor cells to the protein content of a second population of cells in 
order to identify the origin of the first population of cells, the method comprising: 

a) extracting the first and second populations of cells from the tissue sample and 
from each other using laser capture microdissection; 

b) isolating a protein sample from each extracted cell population by solubilizing 
cells from extracted cell populations in about 1 pi to about 15 pi of a buffer where the buffer 
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30. The device ofc.au, 29 tvherein th. cbauber ls !tmcnire(1 K ^ fc ^ 
-pance „, a cap user. „, c„„ec, ceils in me las e r cap»re micrc^cuon process . 

31. The device of data 29 wherein ,he a, leas, ont „„„ „ ^ ^ a 
mean, to ta^e volllmK „ f ^ ^ ^ ^ ^ ^ ^ 

32. The device of claim 31 whereto said means is a syringe. 

33. A device for iso.a,ing protei. f™ . „ ^ ^ by ^ ^ 

— comnHstog achamhe, three topn, pons having syringes for the introduction of 

small volumes of liquid into the chamber where the i„n„, Mrt , 

oer, wnere the input ports are connected to the chamber with 

canals having the ability to move liquid introduced into the inlet port. 
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34. A method of screening for the presence of a cellular component in a population of 

cells from a tissue sample, comprising: 

a) extracting a population of cells from the tissue sample using laser capture 

microdissection; 

5 b) lysing the extracted cell population to produce cellular components; 

c) immobilizing at least one cellular component or a binding agent in a confined 

zone; 

d) contacting the cellular components with the binding agent; and 

e) detecting the interaction between the components and the binding agent. 

10 35. The method of claim 34 wherein the cellular component or the binding agent is 

labeled, and detecting the interaction between the cellular component and the binding agent 

comprises detecting the presence of the label. 

36. The method of claim 35 wherein the label is detected by a method selected from the 

group consisting of a colorimetric, chemUuminescent, radioactive, and fluorescent label. 
15 37. The method of claim 34 wherein the confined zone of the immobilized cellular 

component or the immobilized binding agent is an array. 

38. The method of claim 34 wherein the cellular component is immobilized. 

39. The method of claim 34 wherein the binding agent is immobilized. 
4 0 .-- A memodofycreehmgf^^ 

20 cells obtained by laser capture microdissection from a tissue sample, comprising: 

providing an array that includes either (a) an array of immobilized binding agents for the 
cellular component or (b) an array of immobilized cellular components from the microdissected 
cells; 

exposing the array of immobilized binding agents to laser microdissected cellular 
25 components, or exposing the array of immobilized cellular components to binding agents for 
cellular components of interest. 
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FIG. 12A 
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FIG. 13A 
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